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This  volume  contains  the  abstracts,  reproduced  as  submitted  by  the  authors,  of  the  scientific 
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lecture,  oral  presentations  or  as  poster  presentations.  In  an  effort  to  force  each  of  you  to 
read  or  discuss  as  many  posters  of  different  subfields  as  possible,  the  abstracts  were 
arranged  in  a  non  topical  order  but  placed  in  alphabetical  order  based  on  the  name  of  the 
participant  presenting  the  poster. 

I  sincerely  hope  that  this  meeting  will  contribute  to  further  enhance  the  scientific  and 
personal  contacts  between  the  participants  and  advance  and  strengthen  the  field. 

Leuven,  August  1993 
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RIX'IM  Dl  Vlil  Ol’MIiN  l  S  IN  IM lO  I ORl  I  RA<  U\ I  I’Ol  N  Ml  RS 

D.M.  Burlaml,  (i.C.  lijorkluiul,  MX'.J.M,  Dontkcis  ,  \\  I  Mociiu-r, 
S.M.  Silence,  R.J.  Twieg  and  ('.A  WaNh 

IBM  Research  Division 
Almaden  Research  (  enter 
650  Harry  Road 

San  lose,  (ailifornia  45l2()-6()<)<} 


I’hotorcrractivc  materials  have  a  variety  ol' potential  applitalions  including 
holographic  optical  storage,  real-time  optical  processing  aiul  beam  swiichiiig, 
interconnections  in  neural  networks,  restoration  ok  phase  ilistorteil  images  and  coherent 
light  amplilication.  Until  quite  recently  all  of  the  photorelVactne  maioiials  investigated 
have  been  inorganic:  examples  include  I  iNhO,,  Ba  l  iO,,  (i.iAs  and  Inl’  l  c  Org.mic 
systems,  polymeric  or  crystalline,  might  be  expected  to  h.ive  advantages  over  inorganic 
ones.  A  critical  advantage  arises  Crom  the  lower  DC  dielectric  i(mst,mt  o(  organic 
materials.  This  directly  afl'ects  the  ligurcs  ol  inerit  lor  holographic  elliciencv  and  high 
speed  clcctrooplic  modulation  in  photorefractivc  svstems  I  iinhei,  the  organic  systems 
may  be  processed  at  lower  temperatures,  ll  thi'  maierials  ate  polvmeiic  ihcv  can  be 
spin-coatcvl  and  cured  using  well  established  photoresist  technologv  Because  phvMcal 
properties  of  organic  molecules  may  he  cxteiisivelv  modified  bv  chemied  siibstituiion, 
the  potential  lor  optimi/alion  ami  cngineciing  ororganie  systems  is  greaier  than  Tor 
inorga  nics. 

I'igure  1  illustrates  the  origins  ok  the  photorekraciive  elkect  In  a  Ivpical 
photorekractive  experiment  the  sample  is  illimiin.ited  bv  luo  iiilcrkering  mutually 
coherent  light  beams  producing  an  intcrkcrcncc  pattern  <  harge  carriers  arc  generated 
by  the  absorption  ok  light  producing,  in  the  particular  case  shown  in  the  I  igure,  mobile 
electrons  and  ioni/ed  donors,  khe  electrons  dilkusc  or  rlrikt  in  a  large  external  electric 


fickl  iiilo  tlic  unillu:.!''  '  .od  regions  resulting  in  a  spate  eli  uge  as  sli.mu  I  Ins  spate 
charge  prodlie  -s  an  electric  licid  that  is  UU’  out  o|  phase  'aiiIi  iIu-  est  nine  hghi  I  In 
results  .n  an  index  oT  refraction  variation  across  the  sample  ih  n  is  nsell  uii  ,nu  ol 
pnase  via  the  linear  elcctrooptic  elTect 

Alt  -L  r;  » / 
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where  r  is  tfic  linear  elcetroopfic  cdeOkierK  lo  evliihit  a  plioiorelriu  live  eH'cel  the 

(bllowing  neecssary  coiulilKins  nuisi  he  preseni' 

•  Noncentrosyninielrie  struelurc  non/em  i 

•  I’liotn-chargc  gencralion  nieelianism  (inliinsK  oi  esiimsu  ) 

•  Charge  mobility 

•  Charge  trapping  (internal  space  thaige  lomialion) 

However  the  presence  of  these  properties  is  not  suHicienl  lo  gii.nantee  that  Ihe 
photorcfractive  incchanisni  ol  grating  romiaiioii  is  iloininani  inei  oiliei  iiiei  lianisms 
such  as  heating  or  photochemistry  I  liese  alternative  ineihanisms  miisi  be  iiilcb  out 
belorc  a  material  can  be  considercil  pholoieriaciive 


Ihe  lirst  organic  pholorcrraclivc  system  lo  be  nleniilieil  was  a  civsiallme  svstem 
consisting  of  an  electro-optic  single  crystal  dopeil  with  a  charge  geneialmg  moleciileV 
This  discovery  was  I'ollowed  shortly  by  the  iilentilicalion  ol  a  pholnreliaclive  polymer^. 
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I  his  system  consisted  of  an  clectrooptie  poivnier  nunlc  plmiiH  (mdiu  tise  In  ilnpnie 
with  a  hole-transport  agent,  I  hcsc  early  materials  had  low  dilliaciioii  i  dicicnc  ies  and 
slow  growth  rates  This  is  indicated  in  1  iguie  2  where  a  \.iiiet\  ol  oigann  polvineis 
(indicated  by  •)  and  inorganic  crystals  (indicated  b\  \)  ate  lomp.ireil  \  r  onsider.ihle 
enhancement  in  speed  was  obtained  by  using  <  ',,11  as  a  seiisiii/ei  ' 

Recently  a  new  class  of  photorcrractive  polymers  li.is  been  iilcniilicil  evhibiiing 
speeds  and  crTielcncics  equivalent  to  some  of  the  best  inorganic  cr\s|.i|s  (sec 
l’VK:l  Oli.^NS  ri  TNl'  in  I'ignrc  2)  .  I  hcsc  systems  utili/e  a  phoioconilui  ting  polvmer, 
instead  of  an  clectrooptie  polymer  as  in  previouslv  siudieil  systems  I  he  system  is 
made  clectrooptie  by  doping  the  polymer  with  an  optictilly  nonlinetn  chioinophorc.  A 
scnsiti/cr  molecule  is  also  added  to  enhance  charge  generation  at  the  l.iser  wavelength. 
These  sy  stems  have  cITicicncics  several  orders  oC  magnitude  larger  ihttii  ptcsioiis 
polymeric  systems  due  to  a  tiew  orientational  enhancement  meihtitiism  The 
photorcfractivc  cfl'cct  is  enhanced  by  the  oiicnUitian  ol  ihc  iioiiliiiaii  i  liiomophorc  in 
the  modulated  internal  space  charge  Ticld'^, 

REFERENCES 

1  K,  Sutter,  ,1,  I  lulligcr,  and  1’,  ( liitiler.  Sol  St.  ( 'omintin  74.  S(i7  1 1'toii). 

2  S,  Ducharmc,  I  Scott,  R,  Twieg,  ;ind  W  Moemet,  I’hvs  Kes  I  ettets  (.h,  |K4(i 
(1991), 

S,  Silence,  C,  Walsh,  .1,  Scott,  tttid  W.  Moeinci,  AppI  I’hvs  I  ett  hi.  I'h)2  (|q'l2), 

'•  M,  Donckers,  S,  Silence,  Walsh,  T  Ihiche,  I),  RnilatuI,  \\  Moenier,  and  R 
Twieg,  Opt,  I. ett.  IS,  in  press  (Inly,  |9‘n). 

5  W,  Moerner,  S,  Silence,  T,  Ilachc,  and  (i  lljorkhind,  1.  Opt  Sih  Atii  U,  (iti 
press) 
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Non-Dispersive  and  Dispersive  Transport  in  Random  Organic  Photoconductors 


H.Bassler 

Fachbereich  Physikalische  Chemie  und  Zentrum  fiir  Materialwissenschaften 
der  Philipps-Universitat,  D-3550  Marburg,  FRG 


There  is  a  recurrent  pattern  of  features  associated  with  charge  transport 
in  disordered  organic  photoconductors  such  as  molecularly  doped  polymers 
and  pendent  groups  as  well  as  ti-  and  o-conjugated  main  chain  polymers, 
the  charge  carrier  mobility  is  both  activated  and  field  dependent  in  a 

way  that  is  ru,...,nescent  of,  albeit  not  identical  with  Poole-Frenkel 

1/2 

behavior.  The  slope  in  a  Inp^SE  relation  decreases  with  increasing 
temperature  and  may  even  change  sign  above  a  certain  temperature.  At  lower 
temperatures  time  of  flight  (TOF)  signals  become  dispersive  but  even  non- 
dispersive  TOF  signals  feature  anomalously  broad  tails  often  bearing  out 
universality.  Presence  of  dipoles  reduces  the  carrier  mobility  and  raises 
the  temperature  at  which  TOF  signals  become  dispersive. 

It  has  been  shown  before  [1]  that  a  model  based  upon  charge  carrier 
hopping  in  a  system  of  energetically  and  positionally  random  sites  is 
able  to  recover  the  basic  observations.  The  emphasis  of  this  lecture  will 
be  on  the  effect  static  dipoles  have  on  transport  as  well  as  on  the  pheno¬ 
mena  of  universality  and  dispersion  associated  with  TOF  signals. 

1.  The  effect  of  dipoles 

It  has  been  shown  before  that  presence  of  dipoles  associated  with  either 
the  transport  molecules  themselves  or  the  matrix  lowers  u  [2,3]  and  simul¬ 
taneously  increases  its  temperature  sensitivity  [A]  and  renders  TOF  signals 
more  dispersive.  One  way  to  account  for  the  increases  of  the  activation 
energy  -  yet  not  the  increasing  tendency  towards  dispersion  -  is  to  invoke 
polaron  formation  [6]  via  dipole  reorientation  in  the  vicinity  of  a  charge 
carrier.  The  rigidity  of  the  structure  at  temperatures  near  or  below  the 
glass  transition  temperature,  evidenced  by  the  absence  of  dipolar  relaxa¬ 
tion  on  a  time  scale  comparable  with  that  of  charge  carrier  hopping, 
argues  against  this  notion,  though.  On  the  other  hand,  summation  of  the 
contribution  of  randomly  positioned  dipoles  to  the  electrostatic  poten¬ 
tial  of  a  charge  carrier  shows  that  random  dipolar  fields  do,  in  fact, 
generate  a  Gaussian  distribution  of  the  energies  of  localized  hopping 
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states  of  the  magnitude  determined  from  the  temperature  dependence  of  u. 

!/■’ 

Its  variance  o  increases  with  the  dipole  concentration  in  a  o-c  "  fashion 
as  borne  out  by  the  recent  experimental  work  of  Borsenberger  et  al.[7]  for 
1 , l-bis(di-4-tolylaminophenyl)cyclohexane  (TAPC)  doped  into  polycarbonate 
or  polystyrene  at  variable  concentration. 

2.  Transition  from  non-dispersive  to  dispersive  transport 

Relaxation  towards  dynamic  equilibrium  is  an  inherent  feature  of  an  ensemble 
of  charge  carriers  initially  started  at  random  within  a  Gaussian  distribu¬ 
tion  of  localized  states  (DOS).  Since  the  equilibration  time  increases 
faster  with  decreasing  temperature  than  does  the  time  needed  by  a  sheet  of 
charge  carriers  to  traverse  a  sample  under  the  action  of  a  bias  field,  TOF 
signals  must  become  dispersive  upon  lowering  the  temperature,  the  transition 
temperature  being  related  to  the  energetic  disorder  parameter  o=o/kT,  o  being 
the  variance  of  the  DOS.  The  phenomenology  of  this  transition  has  been  de¬ 
lineated  in  the  course  of  Monte  Carlo  simulations  [8].  Although  qualitatively 
similar  to  the  predictions  of  Scher  and  Montroll's  continuous  time  random 
walk  treatment  [9]  the  quantitative  results  are  different.  Pre-  and  post- 
transitional  slopes  of  Inj  vs  Int  plots  do  not  add  up  to  two,  no  strict 
power  laws  are  observed  and  universality  is  not  fulfilled.  Experimental 
results  on  vapor  deposited  amorphous  films  of  DEH  and  DEASP  are  in  quantita¬ 
tive  agreement  with  model  predictions.  The  transition  temperature  and  the 
evolution  of  TOF  shapes  can  be  quantitatively  recovered  in  terms  of  the 
disorder  parameter  derived  from  non-dispersive  TOF  signals. 

3.  Universality 

The  dispersion  of  what  are  usually  referred  to  as  non-dispersive  TOF  signals 
(documented  by  we 11 -developed  plateaus)  can  be  quantified  by 

*^1/2  '  *^0 
w  =  - - - 

1/2 

where  time  after  which  the  current  has  decayed  to  one  half  of 

its  plateau  value  and  t^  marks  the  intersection  of  the  tangents.  Since 

w  =  (hD/mEL)^^^ 

L  being  the  sample  thickness,  universality  is  observed  when  the  ratio  of  the 
apparent  diffusivity,  determined  from  the  spatial  evolution  of  a  carrier 
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packet  under  the  action  of  an  applied  electric  field  E,  to  mobility  increases 
linearly  vith  both  E  and  L.  This  is  the  case  for  o=4.  At  lower  degree  of 

-1 /T 

energetic  disorder,  w“L  Recent  experimental  data  on  both  the  temperature 

and  field  dependence  of  w  will  be  discussed.  The  results  indicate  that  the 
observed  temporal  pattern  of  TOP  signals  is  in  full  accord  with  the  predic¬ 
tions  of  the  disorder  formalism  and  no  polaronic  effects  have  to  be  invoked. 
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PRESSURE  PHENOMENA  IN  SPECTRAL  HOLE  BURNING 


J.  Friedrich 

Physikalisches  Institut  und  Bayreuther  Institut  fur  Makromolekulforschung,  Univer- 
sitat  Bayreuth,  D-6580  Bayreuth,  Germany 

Pressure  seems  to  be  an  important  parameter  in  elucidating  the  interaction  of  a 
probe  molecule  with  its  host  lattice.  There  is  a  large  variety  of  host-guest  forces  with 
a  rich  variation  in  their  interaction  range.  The  various  interactions  may  affect  the 
properties  of  a  probe  in  a  specific  way.  In  optical  spectroscopy,  these  properties  are 
the  width,  the  center  frequency  of  the  transition  and  the  line  shape.  Pressure  studies 
in  optical  spectroscopy  are  well  established.  Yet  there  is  a  big  problem;  In 
disordered  systems,  the  inhomogeneous  width  is  very  large  so  that  large  pressure 
changes  are  needed  to  induce  measurable  line  shifts.  An  evaluation  of  band 
broadening  under  pressure  is,  for  glass-like  systems,  impossible. 

Persistent  spectral  hole  burning  brings  in  novel  features:  First  of  ail,  since  a  hole  may 
be  several  orders  of  magnitude  narrower  than  the  inhomogeneous  width,  extremely 
small  pressure  changes  are  sufficient  to  induce  significant  changes. 

The  most  important  feature  of  the  technique  is,  however,  its  frequency  selectivity 
/I/.  By  burning  holes  at  various  positions  in  the  inhomogeneous  band,  probe 
ensembles  with  specific  solvent  shifts  can  be  selected.  They  respond  in  a  specific 
way  to  pressure.  Hence,  through  the  frequency  selectivity,  the  solvent  shift  can  be 
varied  aruJ,  therefore,  is  a  parameter  of  the  experiment. 

This  has  important  implications:  It  seems  that  for  many  dye  probes,  the  pressure 
induced  line  shift  is  proportional  to  the  solvent  shift  /2/.  In  this  case,  the  frequency 
dependence  of  the  pressure  shift  is  solely  governed  through  the  compressibility  of 
the  system  which  can  be  measured  this  way. 

Clearly,  if  the  pressure  shift  is  proportional  to  the  solvent  shift,  there  must  be  a 
sharply  defined  frequency  where  the  pressure  shift  vanishes.  This  frequerrcy  is  the 
vacuum  absorption  frequency.  For  polar  probes  in  polar  solvents  this  frequency  can 
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fall  into  the  inhomogeneous  band  and  can  be  measured  directly.  The  pressure  shift 
changes  sign  as  the  burning  laser  Is  tuned  across  the  vacuum  frequency. 

We  applied  the  technique  to  glasses,  Shpot’skU  matrices,  crystals,  aggregates  and 
proteins.  All  of  these  materials  show  surprising  features.  However,  the  most 
attractive  field  is  the  spectroscopy  of  proteins  /3/. 

If  one  succeeds  in  measuring  the  compressibility  of  a  protein  molecule,  one  knows 
the  relative  volume  fluctuations  which  seem  to  be  an  important  quantity  for  a  proper 
functioning. 

Surprisingly,  we  found  that  the  compressibility  of  protein  molecules  is  not  a  well 
defined  quantity  but  is,  instead,  subject  to  dramatic  variations.  This  can  be 
understood  within  the  frame  of  a  model  which  we  call  the  ’correlated  phase  space 
model'.  It  is  assumed  that  certain  structures  of  the  chromophore  support  specific 
structures  of  the  apoprotein.  This  means  that  the  structural  phase  space  of  the 
chromophore  and  that  of  the  apoprotein  are  correlated.  Hence,  if  one  selects 
specific  structures  of  the  chromophore  (e.g.  tautomers)  by  tuning  the  laser  properly, 
one  simultaneously  selects  different  areas  in  the  structural  phase  space  of  the 
apoprotein.  It  turned  out  that  the  properties,  e.g.  the  compressibility,  in  these 
different  structural  substates  can  be  very  different.  The  question  is  whether  structural 
differences  like  these  can  also  be  seen  in  the  X-ray  diffraction  patterns.  A  simple 
calculation  shows  that  this  is  not  the  case.  Despite  the  drastic  changes  in  their 
compressibility,  the  associated  overall  structural  changes  seem  to  be  small  and 
below  are  or  just  at  the  edge  of  the  X-ray  resolution. 
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/3/  J.  Zollfrank,  J.  Friedrich,  F.  Parak,  Biophys-J.  HI  (1992)  716 
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TIME-DOMAIN  OPTICAL  PROCESSING  AND  MEMORY 
IN  HOLE-BURNING  MATERIALS 

Ravinder  Kachru 
Molecular  Physics  Laboratory 
SRI  International 
333  Ravcnswood  Avenue 
Menlo  Park,  CA  94025 

Coherent  time-domain  optical  memory  (CTOM),  also  known  as  stimulated  echo  memory, 
offers  the  potential  of  ultrahigh  density  data  storage,  temporal  and  spatial  signal  processing,  at 
high  data  rate.  Like  the  frequency-domain  optical  memory  (FOM),  such  as  persistent  hole- 
burning  memory,  CTOM  stores  information  in  the  spectral  domain  of  an  inhomogenously 
broadened  material  in  addition  to  the  spatial  dimension  in  conventional  two-dimensional 
optical  memories. 

Unlike  FOM,  where  the  information  is  stored  bit  by  bit  directly  in  the  frequency  dimension,  the 
information  stored  in  CTOM  is  the  Fourier  transform  of  a  structured  data  pulse,  which  is 
nominally  an  amplitudc-rrKxlulated  binary  stream.  The  high  speed  inherent  to  the  echo  process 
enables  CTOM  to  store  and  retrieve  data  at  much  higher  rates  than  FOM.  The  storage  density 
in  a  spatial  address  is  a  time-bandwidth  (TB)  product  where  T  is  the  length  of  the  data  stream 
and  B  is  the  data  rate.  The  theoretical  limits  on  T  and  B  are  usually  considered  to  be  the 
homogeneous  dephasing  time  (T2)  and  the  inhomogeneous  bandwidth  (Av)  of  the  storage 
material,  respectively.  In  rare-earth  doped  crystals,  T2  is  typically  ~10'5-10^  s  and  Av  -10^- 
IQlO  Hz,  yielding  maximal  TB  products  of  ~10*-10^.  Theoreticallv  estimated  maximal  TB 
products  up  to  10^  have  been  reported  for  some  Eu3+  doped  oxides.  When  dealing  with  a 
lower  data  rate,  one  can  divide  the  inhomogeneous  profile  into  frequency  subchannels  and 
hence  obtain  a  similar  storage  density.  The  potential  to  store  large  data  packets  (-100  ps  long) 
at  a  data  rate  of  tens  of  megabits  per  second  up  to  10  gigabits  per  second  makes  the  CTOM 
very  attractive  for  many  applications. 


We  have  experimentally  demonstrated  that  performance  of  the  CTOM  close  to  the  theoretical 
estimates  can  indeed  be  obtained.  In  our  experiment,  a  1.6  kbit  data  packet  40  ps  long  was 
stmed  at  a  data  rate  of  40  Mbit/s  in  a  single  frequency  channel  at  one  spatial  location. 
Multiplying  the  total  frequency  channels  available  (>  32),  we  obtained  an  inferred  storage 
capacity  of  >  S  x  10*  bits  per  spatial  spot. 

A  key  factor  for  achieving  such  performance  was  the  application  of  a  novel  spread-spectrum 
technique.  This  is  because  it  was  found  that  the  length  of  a  purely  amplitude-modulated  data 
stream  was  not  simply  determined  by  the  dephasing  time.  Significant  distortion  of  the 
retrieved  data  was  observed  long  before  it  reached  a  fraction  of  the  dephasing  time,  causing 
coherent  saturation. 
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NEAR-FIELD  PHOTOFABRICATION  AND  OPTICAL  NANOPROBES 

Weihong  Tan,  Zhong-You  Shi,  Steve  Smith  and  Raoul  Kopelman 
University  of  Michigan,  Ann  Arbor,  Michigan,  USA 

We  have  nanofabricated  subwavelength  light  sources  as  small  as  40  nm  in  diameter  and 
exciton  sources  that  are  probably  smaller.  These  include  micropipette  tips  with  nanocrystals 
such  as  pcrylene  as  well  as  polymeric  matrices.  They  also  include  fiber-optic  tips  with 
polymeric  or  crystalline  tips.  Further  miniaturization  is  achieved  by  the  addition  of 
crystalline  or  polymeric  supertips  [  1  ]. 

The  first  step  in  the  nanofabrication  process  is  the  pulling  of  micropipette  and  fiberoptic  tips 
of  appropriate  size  and  shape.  The  second  step  is  the  metal-coating  of  such  tips  (side  but  not 
front).  This  is  followed  by  crystal  (or  polymer)  growing.  A  variety  of  growing  techniques 
have  been  employed,  for  both  organic  and  inorganic  crystals.  Polymers  are  also  grown  by 
polvmeriz^tion  at  the  tip 

Optically  controlled  nanofabrication  has  been  mainly  utilized  for  the  second  stage  of  optical 
nanoprobe  preparation.  After  silanization  of  the  metal  coated  fiberoptic  tip,  the 
photopolymerization  is  controlled  by  the  light  emanating  from  this  near-fteld  light  source. 
The  size  of  the  light  source,  and  the  near-field  evanescent  photon  profile,  control  the  size 
and  shape  of  the  immobilized  photoactive  polymer  [1,21. 

The  above  technology  has  been  used  to  prepare  both  light  sources  [  1  ]  and  submicrometer 
intracellular  chemical  optical  fiber  sensors  [1,2].  Such  100  nm  optical  sensors  have  been 
used  to  monitor  pH  inside  blood  cells,  early  rat  conceptuses,  etc.  They  have  extremely  high 
absolute  detection  limits  (zeptomoles)  and  fast  response  times  (ms  or  less)  combined  with 
excellent  sensitivity  and  reliability.  Some  of  them  contain  as  little  as  400  photoactive 
molecules  {e.g.,  fluoresceinamine)  and  still  are  mechanically,  optically  and  chemically  stable 
over  a  series  of  measurements. 
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The  near-field  photo-polymerization  has  also  been  used  for  stepwise  nanofabrication  of 
optical  probes,  growing  supenips  onto  tips  (1).  This  is  an  ongoing  effort  to  produce  the 
ultimate  photon  or  exciton  nano-tip,  consisting  of  a  single  active  molecule  or  chromophore. 
Various  designs  exist  for  maximizing  the  output  while  minimizing  photobleaching. 

A  special  point  of  both  theoretical  and  practical  interest  is  the  increased  photoexcitation 
cross-section  of  optically  active  molecules  in  the  neax-field  range.  This  factor  is  important 
for  both  the  photofabrication  process  and  the  utilization  of  such  probes.  The  promise  of 
near-field  photon  sources  for  the  nanofabrication  and  monitoring  of  electronic  devices  and 
optical  memories  is  obviously  of  much  current  interest  13,4].  So  is  the  use  of  optical 
nanoprobes  for  microscopy,  spectroscopy  and  biochemical  sensing  [1-4). 

We  acknowledge  support  from  NSF  grant  DMR-91 1622. 
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PHOTOAC'TIVi;  MOl.ECn  AK  SYSTHMS  KM  ARDS  Ain  AM  KD  MAIhKlAl. 


Takeo  SHIMIDZl 

Divi.suin  ol  Miiiccular  Enjiinccnn".  Giaduaie  Schmil  of  Eniiinccnny 
KyoU)  Uniwislly.  K.>iiU>  Wki-OI .  Japan 


Molecular  cngincenng  ol  phoioaciive  molcculai'  sysieitis  wiih  ihen  lailoi  made  properiies 
IS  one  ol  ihe  most  e.s.seniial  way  to  construei  advaneed  material  whieh  mvoUes  a 
moleeular  deviee.  In  this  paper,  several  conceptional  aspects  are  piesenied  with  examples 
such  as  multi-Cunctionali/ation  of  functional  molecule,  intramolecular  systemati/aiion  of 
donor  sensiii/er  acceptor  moieties,  intcrmolecular  systeniaii/aiion  of  pholoaclive 
molecule,  materialization  of  functional  molecule  and  construction  of  stnjcture-dependini; 
quantum  lunctional  material. 

1 .  Multi-mode  sienal  transducer  molecules  1 1 1;  A  new  class  of  chemical  signal 
transducer  molecules  which  have  plural  transformation  modes  switchable  by  independent 
stimulations  are  shown.  The  molecules  have  plural  functional  groups  responsive 
independently  to  stimulations  and  appropriate  interactions  of  the.se  groups  through  a 
conjugated  .system  makes  the  respon.sc  controllable. 

2.  Wheel  and  axle  donor-acceptor  polymer  |21;  One-dimensional 
phosphorus! Viporphyrin  molecule  linked  with  the  various  length  of  oligoihienyl 
molecular  wire  toward  the  axial  direction  of  the  porphyrin  ring  is  demonstrated.  The 
phosphorus!  Vlpoiphynn  unit  lending  to  be  an  electron  acceptor  acted  as  a  photoindueed 
hole  generator,  and  the  oligoihienyl  moiety  tending  to  be  an  electron  donor  are  able  to 
transter  the  positive  hole  just  as  molecular  electric  wire.  The  conductivity  of  thc.se  donor 
acceptor  polymer  is  strongly  enhanced  by  the  pholoirradialion.  indicating  that  the 
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pholoinduccd  earner  loiTnalion  and  iransler  nccur  clTicieiuly  along  the  polymerie  chain 
A  molecular  phoio-  swiiching  '.vMeni  is  suggesled. 

V  Accordion-lvpi.'  phoUiacli\e  molecular  cluslersl  ^1  A  series  ol  scll-assemhled  melal 
porphyrin  cluslers  are  invesllgaled.  .Some  have  capahilities  lo  slore  electrons  lor  a 
considerahle  lime  as  a  charge  separated  stale. 

4.  Functional  molecule  materials  |4|.  A  senes  ol  negaii\ely  charged  runclional 
molecule  aiv  eiricienlly  ineorporaled  in  conducting  polymers  by  eleciropolymen/alion.  as 
a  dopant.  The  resulting  lunctional  molecule  incorporating  conducting  polymers  show 
specilic  functions  attnbuted  to  the  incoiporaied  molecule. 

.‘i.  Ulirathin  cuniugating  polymer  multilayers  15|:  To  reali/e  the  organic  supci  lattice,  a 
novel  potential  programmed  electropolymeri/alion  method  which  enables  us  to  fabricate 
any  microscopic  depth  stnjcture.s  in  conjugating  polymer  ultrathin  films,  such  as  a  mulii- 
hoterolayers  and  a  sloped  layers,  is  introduced.  The  depth  profiles  of  the  heterolayers, 
thickne.ss  and  polymer  composition  arc  controlled  by  applied  electrode  potential.  By  this 
method,  organic  conjugating  polymer  superlattiee.  type  I  and  type  II  heterostructures,  are 
fabricated  and  structure-specific  properties  such  as  a  quantum  si/e  effect  arc 
demon.strated. 

1 1 1  Pure  &  Appl.  Chem..  60.  102.‘5(  198X); 

Teu'ahedron  Lett..  .^0.  34291 1989) 

J.  Chem.  StK..  Chem.  Commun..  591(  1992),  etc. 

12)  J.  Chem.  .Soc..  Chem.  Commun..  784(  1992).  etc. 

|.4|  Pure  &  Appl.  Chem..  60.  1025(  1988) 

J.  Phy.s.  Chem..  ,30.^1 1992).  etc. 

I4|  Reactive  Polymers.  6.  221.(1987).  II.  177(1989).  etc. 

13|  Reactive  Polymers.  1 1.  177(1989) 

J  Phys.  Chem.,  ^..3213(1991) 

Thin  Solid  Film.s.  205.  238(  1991 ).  etc. 

Applications  of  Eleeuoactive  Polymer.s(Chapman  &  Hall)  28.^(  199.^).  etc. 
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<HAR<if  C  ARKIf  K  I'HDKMil  NI  KAI  ION  ANI>  IKANSl'OkI 
IN  OKCiANlC  CRYSTALS  AND  MOl  ICI'I  AR  ASSt  Nhl  ll  > 


Eclcjar  A.  Silinsh 

Institute  of  I'hvsical  f net  get  i  cs .  l.ilvi.in  Aiailetin.  nt 
Sfientes.  Riga  1  A'  loofo.  lalvia 


INTRODlin  ION 

In  organic;  mnlcM-ulai 
cular  propel  ties  ovc>i 
weakness  of  Van  cJei  waals 
tendency  of  I  oca  I  i /at i on 
on  individual  molc'cules 
a  typical  localization 
carr  i  on  a  lattice 

than  the  characteristic 
r  I zat i on  of  sur  round i ny 
lies  in  the  same  t  i  mf> 
r  e 1 axat ion  t i me 

iJlX^artion  phenomena  ch.ii  <ie 
as  free  < Dai  n  >  electrons  or 
tspe  quasi  particles, 
more  rarely,  as  lattice 
Conseiiueiil  Is  .  till 
gi-neration  and 
the  approaches 
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ol  ('lect  runic  pola 
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rieis  in  ciMi  do  noi  apeai 
hiili-s,  tint  einiy  ge  as  polar  on 
electronic,  moli.'cul.u  .  and. 
III. 

phot  o 
aiip  I  \ 


cri-stal.s  <OM(  >  the  dominaiiun  of 
thi*  Cl  s-sta I  1  i  ne  oni-s. 
inter  act  i  on  .  1  luids 

of  charge  can  iei  s 
of  t  he  crysta I  I  l  1 1 
cri'sidence)  time  of 
.sire  i  .s  larger 
tel  a.xa  t  i  on  i  i  me 
mo  1  ecul  e.s  . 
donia  in  as 
"U  ^  Due  to 
cat 


VIZ.  .i.s 
po  1  ai  on.s 

the  de.si- r  1  pt  1 1)11  of  char  ge  c'ai  i  iei 
t  I  ali.spoi  t  f)i  oc  i-.s.se.s  in  OMC  one  shoiilil 
of  cont  empoi  ai  S'  f>olali)n  theories. 


PHOTOGENEKATION  IN  ORGANIC  CRY.STAIS 

The  charge  carrier  phot ogenei  at r on  and  separation  phenometia 
in  OMC  proceed  via  mulfistep  proces.ses.  Thes  include 
auto  i  on  i  zat  i  on  of  excited  neutral  Frenkel  e.xciton  stale, 
thermal i zat i on  of  the  hot  ejected  electron,  and.  t i na I  1 s . 
thermally  activated  escape  of  the  thermal ized  election 
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rrom  the  Coulonihic  wt- 1  1  i>t  t  ht*  parent  ion,  si  i  mu  I  at  oil  by 
extol  rial  e  1  or  t  i  i  <-  field  IT  'll. 

At  the  neat  lliereshold  st>ei'tral  legion  of  intrin.sir  photo 
generation  there  eiiierge  two  competitive  phologenerat  i  on 
mechanisms,  viz.  auf oi oni zat ion  of  excited  molecular  states 
and  direct  optical,  charge  transfer  to  nearest  neighbour 
molecule.s.  At  higher  e.xcitation  energies  the  autoi  on  i  zat  1  on 
mechanism  becomes  dominant  and  appears  in  two  po.ssible 
modes,  viz.  as  direct  ionization  ol  phot  (le.xc  i  t  ed  neutral 
molecular  .states,  and  aut  o  i  on  i  zat  i  on  from  fixed  electronic 
levels  after  i  nt  ramo  1  ecu  1  at  relaxation  I'll. 

Kxperimental  and  computer  simulated  .studie.s  confirm  the 
viafiility  of  the  modified  ballistic  Sano  Mozuinder  model 
and  an  e.xtended  ornsager's  approach  for  the  dr-scription 
of  photogenerated  chai ge  carrier  therma 1 i zat i on  and  separa 
tion  processes  (1.41.  They  al.so  confirm  the  plausibility 
of  the  nioLPCui.ar__jjg_Laron  model  for  interpretation  of  ihe.se 
phenomena.  It  ha.s  been  .shown  that  the  adiabatic  nearly 
.small  molecular  polaron  may  be  formed  a.s  a  result  of 
selective  interaction  of  a  charge  carrier  with 

intramolecular  vibrational  modes  of  the  molecule  on  which 
it  is  localized  dutirig  the  residence  lime,  and  also  with 
polar.  IR  active  vibrational  modes  of  neare.st  neighbour 
molecules  Id, 41.  The  formation  energy  of  a  molecular  polaron 
has  been  evaluated  from  reported  data  on  opt  i  ca  1 

cl  d  ^ 

and  ad iabat i c  E_  energy  gap  values  161  and  substantiated 

vj 

by  quantum  chemical  calculations. 


TRANSPORT  PHENOMENA  IN  ORGANIC  CRYSTALS 

The  t  ransport  processes  of  charge  cariiers  in  OMC  are  also 
predetermined  by  the  interaction  and  localization  phenomena. 
The  dynamics  of  the  charge  carrier  motion  in  a  crystal 
depends  on  two  opposing  and  competing  trends,  viz.  on 
de  1  ocal  i  zat  i  on  of  the  carrier  in  the  form  of  a  Bloch  wave, 
and  on  1  ocal  i  zat  i  on  of  the  wave  packet  a.s  a  result  of 
interaction  with  the  surrounding  electronic  and  nuclear 
sub.systems  of  the  lattice. 
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1  ht“  cun  t  I'Oipui  ii t  s  1  I  ;ins|i<>i  I  t  lient  i  e.'i .  ti<i.s*»il  on  iionot  j  1  i /od 
stoctia^t  ic  I  louv  i  1  I  o  o'luat  ion  and  <jen*»ral  i /oil  mast  oi  o,|iiai  i 
tins  allow  to  itosci  i  l«*  tiotti  t  lio  coheront  iw,ii.'f  1  i  kr  > 

and  dittusivo  (hopping  tspol  motion  of  ctiar  go  cart  lois 
in  a  Itamowoik  ot  a  singlo  model,  as  well  as  time  ;ind  tempo 
lature  dependent  loss  of  the  car i lets  coherence  111. 

It  has  been  demonstrated  that  a  mod i t i ed  Sano  Mo/umdei 
approach.  based  on  the  F-okker  Fdaiick  egiiations,  allows, 
in  the  framework  of  a  model  description,  to  simulate  re 
ported  (79)  expeiimental  carrier  transport  characteristics 
in  polyacene  and  ot  pery 1 ene  crystals,  including  hot  earlier 
generation  at  high  electiic  field  values  (3.101.  rhe.se 
studies  confiim  the  plausibility  of  molecular  polaron  (liP) 
approach  foi  phenomenological  de.scription  of  charge  catrier 
separation  and  tiansport  phenomena  in  polyacene  and  oC' 

perylene  crystals  over  a  wide  temperature  (4.2  300  k>  and 

elect!  ic  t  ield  (^  lo  ’  10*^  V'em)  range  both  in  hot  and 

thetmali^ed  carrier  legime.s.  In  this  approach  the  chat  ge 
carrier  apfteiir.s  a.s  a  polaron  type  ht‘avy  guasi  particle 
with  effective  mass  dependent  on  t emiierat ure .  carrier  sign 
and  direction  of  motion  in  the  crystal  lo.ioi.  The  molecular 
polaron  piesumably  moves  by  hopping  via  funnelling.  in 

addition  to  phenomenological  approaches  lio),  the  MP  model 
has  also  been  analyzed  in  t(?tms  of  Hamilfonian  description 
101  . 


PKOCFSSFS  IN  NOLFiCUl.AR  A.SSFiMBL  [  PS 

Langmu  i  r  B I  odge  1 1  (|.B>  multilayois  may  serve  as  e.xcellent 

moilel  -sy’stems  ot  highly  organized  moleculai  as.semb  I  i  es . 
If  an  LB  film  coti.si.sts  of  a  co.ijugated  amphiphilic  compound 
like  pht ha  1 ocyaii  i ne  < Phe )  with  aliphatic  "fails"  it  may 
be  envisaged  as  a  multilayer  ot  t  wo -di  ment  i  ona  1  slieids 
of  semiconducting  molecules  separated  by  in.sirlating  alipha 
tic  spacer.s.  Energetically  such  a  super  I  .tt  t  i  ce  forms  a 
sequence  of  quantum  we  I  1 s . 

E.xper  imenta  1  studies  of  vanadyl  phe  LB  films  show  that 
at  lower  electric  fields  <  <  10^  V/cm)  the  charge  carrier 
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transport  is  trap  controlled.  At  higher  electric  fields 
(  (j  >  10^  v;cm)  "quasi  trapftee"  carrier  transpoit  can  be 

reached  with  zero  activation  energy  <E^-^0i  111).  this 
temperature -dependent  effect  may  be  regarded  as  indirect 
evidence  of  electric  f  i  el d- i nduced  hot  carrier  generation. 
This  assumption  has  been  confirmed  by  computer  simulation 
of  carrier  transport  processes  in  LB  films.  In  hot  carrier 
transport  regime  uitrashort  carrier  transit  times  of  pico¬ 
second  and  subpicosecond  range  can  be  reached  in  thin  LB 
films.  The  transport  of  Injected  or  photogenerated  charge 
carriers  in  LB  multilayers  presumably  proceeds  by  tunnelling 
through  the  quantum  wells  of  oriented  layers  of  polar 
ampiphilic  molecules.  This  assumption  has  been  substantiated 
by  inelastic  electron  tunnelling  spectroscopy  studies  of 
vanadyl  Phc  LB  monolayers.  These  findings  may  be  relevant 
for  future  applications  of  LB  films  in  molecular  electronics 
and  Optronics. 
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Single  Molecule  Spectroscopy 

Urs  P.  Wild.  Frank  Guttler.  Mauro  Croci,  Marco  Pirotta,  and  Alois  Renn 

Physical  Chemistry  Laboratory,  Swiss  Federal  Institute  of  Technology 
ETH-Zentrum,  CH-8092  Zurich.  Switzerland 


Fluorescence  excitation  spectra  of  single  guest  molecules  of  pentacene  in  a  p-terphe- 
nyl  crystal  can  be  observed  with  high  spectral  resolution  at  low  temperatures.  These 
molecules  are  excellent  probes  for  studying  the  effects  of  external  fields  such  as  an 
electric  field  or  hydrostatic  pressure.  Fluorescence  lifetime  and  polarization  measure¬ 
ments  have  been  performed  on  single  molecules. 


-25  electric  field  strength  /  kV/cm  25 
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LIGHT-EMITTING  DIODES  BASED  ON  CONJUGATED  POLYMERS 


N.  C.  Greenham,  D.  Baigent,  D.  D.  C.  Bradley  and  R.  H.  Friend. 

Cavendish  Laboratory,  Madingley  Road,  Cambridge  CB3  OHE,  UK. 

S.  Moratti  and  A.  B.  Holmes, 

University  Chemical  Laboratory,  Lensfield  Road,  Cambridge  CB2  lEW,  UK. 

Since  our  first  repon  that  conjugated  polymers  could  be  used  as  the  emissive  layer  in  thin- 
film  light-emitting  diodes  [1],  there  have  been  imp<»tant  advances  in  the  understanding  of  the 
semiconductor  processes  that  determine  device  performance,  and  major  improvements  in 
device  performance  have  beeen  achieved  through  selection  of  the  polymers  and  optinnisation 
of  device  architecture.  We  will  report  on  several  aspects  of  device  operation,  including  the 
detection  of  both  charged  and  neutral  excited  states  by  means  of  induced  optical  absorption. 
We  will  also  report  new  results  on  heterostructurc  devices  fabricated  with  two  or  more 
semiconductor  layers  which  are  arranged  to  ensure  the  balancing  of  electron  and  hole 
currents  from  the  two  injection  electrodes. 

[1]  J.  H.  Burroughes,  D.  D.  C.  Bradley,  A.  R.  Brown,  R.  N.  Marks,  R.  H.  Friend, 
P.  L.  Bum  and  A.  B.  Holmes,  Nature  347,  539  (1990) 
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SCANNING  FORCE  MICROSCOPY  OF  ORGANIC  SURFACES 

J.  FVommer.  R.  Luethi,  E.  Meyer,  R.  Overney,  H.  Guntherodt 

Physics  Institute,  University  of  Basel,  Klingelbergstrasse  82,  CH-4056  Basel 

Switserland. 

and  IBM  Almaden  Research  Center,  San  Jose  CA  95120  USA 


The  scanning  tunneling  (STM)  and  atomic  force  microscopes  (AFM)  have  established  a 
strong  presence  in  studies  of  surfaces  and  interfaces,  principally  with  work  on  semiconduc¬ 
tors  and  metallic  surfaces.  In  order  to  study  organic  materials  with  the  STM,  the  organic 
materials  are  configured  as  adsorbates  on  conducting  surfaces  [1],  With  the  AFM,  the 
requirement  of  conductivity  is  lifted  and  the  studied  organic  materials  are  found  in  a  variety 
of  environments,  e.g.,  atop  their  three-dimensional  crystals,  layered  with  other  materials, 
or  as  a  component  of  mixtures. 

The  ability  of  the  AFM  to  document  surface  features  of  organic  thin  films  has,  by  now, 
been  fairly  well-demonstrated  {!].  A  challenge  lies  in  differentiating  subtle  features,  such 
as  compositional  changes  within  a  film.  An  ideal  system  to  extend  the  capabilities  of  the 
force  microscopes  for  sensitivity  to  differences  between  materials  is  a  film  composed  of 
two  chemical  species.  Films  composed  of  multiple  chemical  species  are  being  studied  [2], 
addressing  the  issues  molecular  miscibility  and  domain  formation.  In  mixed  films,  molecular 
heterogeneity  within  a  film  plane  yields  local  variations  in  response,  such  as  friction  or  elas¬ 
ticity,  providing  a  contrast  mechanism  tn-st(u  for  comparing  material  behavior  on  a  very 
local  scale.  Also  associated  with  domain  size  is  the  question  of  the  origin  of  bulk  properties, 
e.g.,  how  properties  measured  on  the  nm-scale  scale  up  to  the  macroscopic  whole. 

Comparative  imaging  studies  are  performed  on  series  of  films  as  well  as  on  single  films 
composed  of  multiple  components.  In  films  prepared  from  different  classes  of  molecules, 
e.g.,  fatty  acids,  fluorocarbons,  and  liquid  crystals,  it  is  seen  that  the  relative  strengths  of 
the  intermolecular  and  interfacial  interactions  can  be  probed  with  these  instruments.  Film 
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composition  affects  the  ease  with  which  intentional  modifications  in  the  film  are  made  with 
the  AFM  stylus  [3,4]. 

An  alternate  imaging  mode  in  AFM  is  lateral  force  microscopy  (also  known  as  friction  force 
microscopy).  Additional  information  about  the  sample  is  provided  by  measuring  the  lateral 
force  between  probing  tip  and  sample.  For  example,  it  has  been  preliminarily  observed  by 
AFM  that  the  lateral  response  of  an  organic  thin  film  can  be  associated  with  its  elastic 
response.  In  another  example,  reduced  friction  is  found  on  organic  film-covered  areas  com¬ 
pared  to  the  inorganic  substrate,  demonstrating  lubrication  on  a  microscopic  scale  [5],  On 
multicomponent  films,  friction  measurements  are  found  to  be  material-specific,  distinguish¬ 
ing  between  domains  of  different  molecular  species  or  different  molecular  orientation  [2], 

Non-contact  modes  are  now  available  as  an  alternative  to  repulsive  contact  measurements, 
particularly  for  imaging  soft  organic  materials.  Surprisingly,  on  the  nanometer  scale  it  ap¬ 
pears  that  resolution  is  not  sacrificed  when  scanning  with  the  probe  physically  backed  off 
the  sample  [6]. 

Finally,  the  phase-separated  films  of  mixed  chemical  species  are  employed  as  substrates  for 
adsorbates.  Selective  adsorption  on  particular  film  domains  is  observed  [7]. 
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PHOTOCHEMICAL  PRODUCTION  OF  HIGHLY  ORDERED  SPINS 
IN  ORGANIC  SOLIDS 

Hiizu  Iwamura 

Department  of  Chemistry,  Faculty  of  Science,  The  University  of  Tokyo, 
7-3-1  Kongo,  Bunkyo-ku,  Tokyo  113,  Japan 


Poly(m-phcnylcncmethylene)s,  poly(/«-phenyleneethynylene)s  and  other 
conjugated  polymers  to  which  photolabile  diazo  or  azido  groups  are  attached  in 
every  repeating  unit  have  been  obtained  by  stepwise  syntheses.  When 
photolyzed  and  studied  in  situ  at  cryogenic  temperatures  by  means  of  EPR 
spectroscopy  and  magnetometry/magnetic  susceptometry,  the  corresponding 
high-spin  polycarbenes  and  polynitrenes  (e.g.,  1  and  2)  were  obtained.  In 
particular,  hexa-  and  nonacarbenes  with  pseudo-two-dimensional  structural 
arrangement  (3(m  =  6  and  9))  were  found  to  be  with  5  =  6  and  9  ground 
states,  respectively,  highest  magnetic  moments  ever  reported.  Attempts  to 
synthesize  real  polymer  samples  capable  of  showing  5  =  lC-~3  were  made. 
These  included  polymers  due  to  p-(a-diazobenyl)phenylacetylenes  and 
diacetylenes.  The  magnetic  properties  so  far  obtained  are  only  partly 
satisfactory.  These  materials  would  serve  as  prototypes  for  organic 
optomagnetic  recording  devices. 
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PHOTOELECTROCHEMISTRY  ON  SEMICONDUCTOR-BASED 
MICROELECTRC©E  ARRAYS 


Noboru  Kitamura 

Microphotoconversion  Project,  ERATO,  Research  Development  Corporation  of  Japan, 
15  Morimoto-cho,  Shimogamo,  Sakyo-ku,  Kyoto  606,  Japan 


Interdigited  electrode  arrays  (IDA)  have  been  so  far  studied  in  reference  to  development 
of  chemical  microtransistors  and  sensors  as  well  as  to  high  performance  measurements  of 
redox  intermediates  based  on  platinum,  silver,  or  gold  microelectrode  arrays  [1].  Recent 
advances  in  microfabrication  techniques  engage  preparation  of  IDA  with  various  chemical 
functions  in  addition  to  the  role  as  an  electrode  array  itself.  Semiconductor-based  IDAs  have 
a  high  potential  for  photochemical  and  electrochemical  control  of  reactions  along  the  array. 
In  this  talk,  we  show  characteristic  features  of  a  TiC>2/Pt  microelectrode  array  and  demonstrate 
effects  of  spatial  arrangement  of  the  electrodes  on  photoelectrochemistry  of  TiC)2  [2]. 

A  photograph  of  a  Ti02  (#1)/Pt  (#2'’8)  microelectrode  (100  pm  long  x  10  (im  wide  x 
0.3  pm  thick,  10  pm  spacing)  array  is  shown  in  Figure  1.  A  photocurrent  (Ip)  on  the  Ti02 
electrode  (#1)  accompanied  by  photoelectrolysis  of  water  is  strongly  dependent  on  a  bias 
voltage  (Vpt;  -0.7  -  - 1 . 1  V)  applied  to  the  Pt  electrode  as  well  as  on  the  distance  between  the 
TiC)2  and  Pt  electrodes  (d  ;  20  -  140  pm).  The  present  results  arc  explained  on  the  basis  of 
electrolysis  of  water  on  TiC)2  and  Pt; 


on  T1O2 : 

Ti02  -*■  hv  ^  e'  +  p'*’  +  Ti02 

(1) 

p+  +  I/2H2O  ^  1/202  + 

(2) 

on  Pt  : 

H2O  e'  I/2H2  +  OH' 

(3) 

Ip  on  Ti02  depends  on  pH  of  a  solution,  so  that  OH"  generated  on  the  Pt  electrode 
(eq.3)  influences  Ip.  Since  OH'  reaches  to  the  Ti02  electrode  through  diffusion  along  the 
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electrode  array.  Ip  decreases  with 
increasing  the  distance  between  the  Ti02 
and  Pt  electrodes.  However,  the  decrease 
in  Ip  with  increasing  d  is  much  smaller 
than  that  expected  from  a  collection 
efficiency  of  OH'  by  the  Ti02  electrode. 
OH'  generation  on  a  Pt  electrode  leads  to 
an  increase  in  the  local  pH  around  #1,  so 
that  Ip  is  determined  primarily  by  band 
bending  of  the  depletion  layer  in  Ti02 
through  the  change  in  local  pH  near  the 
electrode,  but  not  directly  by  the  collection 
efficiency. 

The  present  results  clearly  indicate 
that  chemical  reactions  along  an  array  can 


Figure  1.  A  photograph  of  the  Ti02/Pt 
microelectrodc  array.  The  array  was 
protected  by  a  Si3N4  film  except  for  a 
reaction  window. 


be  controlled  electrochemically  and  photochemically.  As  one  of  the  important  advantages 


of  IDA,  funhermoie,  a  reaction  site  in  an  array  can  be  arbitrarily  addressed  through  an 


outer  circuit  or  selective  photoirradiation  under  a  microscope.  A  combination  of  IDA  with 


semiconductor  electrodes  and  photochemical  techniques  is  thus  highly  promising  to 


conduct  and/or  control  various  redox  reactions  in  minute  dimensions. 
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Forbidden  l>el»ghts:  Fmicsion  Spectroscopy  of  AgBr  Nanocrystals 
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Abstract 

Since  AgBr  is  an  indirect  gap  material,  excitonic  emission  is  formally  (momentum) 
forbidden  and  thus  extremely  weak  (([» <  lO'^).  However,  AgBr  can  be  grown  as  extremely  small 
crystals  using  modified  "reverse  micelle"  approaches.  For  crystals  with  R  <  100  A,  excitonic 
emission  becomes  quite  strong  (<t»  -0.1)!  This  increase  reflects  not  only  "defect  exclusion"  in 
nanocrystals  but  also  a  change  in  selection  roles  associated  with  quantum  restrictions.  Radiative 
lifetime  measurements  provide  a  direct  measure  of  how  the  selection  roles  change  with  size:  down 
to  30  A  radius,  the  change  in  radiative  lifetime  remains  modest  (T  =  4(X)  |is.  for  30  A  AgBr,  vs.  T  = 
I  ms  for  "bulk"  AgBr).  Implications  of  these  results  for  other  indirect  gap  materials,  e.g..  "porous 
Si"  are  briefly  discus.sed. 


SOME  RECENT  RESULTS  IN  SINGLE  MOLECULE  SPECTROSCOPY 


M.  Ofrit.  J.  Bernard,  L.  Fleury  and  R.  Brown, 

C.  P.  M.  O.  H.,  C.N.R.S.  et  University  Bordeaux  1,  33405  Tal.-nee  Cedex 


The  inhomogeneously  broadened  spectrum  of  a  sufficiently  small  and  diluted  sample  of  a 
solid  solution  displays  the  homogeneous  lines  of  single  molecules.  The  experimental  method 
giving  the  best  results  so  far  is  fluorescence  excitation  with  a  high  collection  efficiency  of  the 
emitted  light  [  1],  For  well-chosen  host-guest  systems,  the  single  molecule's  signal  is  high 
above  the  background  of  Raman  scattering  from  host  molecules  and  of  residual  nuorescence. 
Single  molecule  lines  are  intense  enough  for  a  wide  series  of  experiments,  ranging  from 
dependence  on  temperature  or  on  exciting  power  (2)  to  external  field  effects  1 3,4]  and  ti> 
correlation  studies  of  the  time-distrihulion  of  emitted  photons  15). 

The  correlation  method  allows  us  to  investigate  the  dynamics  of  the  local  disordered 
environment  of  the  molecule  at  liquid  helium  temperature.  The  experiments  were  performed 
on  single  terrylene  molecules  in  a  polyethylene  matrix  |6].  The  histogram  of  measured 
linewidths  shows  a  cutoff  at  the  natural  linewidth  of  the  terrylene  molecule,  showing  that 
some  molecules  have  negligible  dephasing  and  .spectral  diffusion,  even  in  an  amorphous 
matrix.  The  linewidths  <tf  different  molecules  show  different  temperature  dependences.  We 
applied  the  correlatittn  method  to  study  the  intensity  fluctuations  of  single  molecule 
fluorescence.  The  relaxation  times  obtained  span  many  decades.  Sometimes,  two  excitations 
peaks  appear  on  the  specuaim  (Fig  1 ),  The  identity  of  their  correlation  times  show  that  they 
stem  from  the  same  molecule,  coupled  to  a  nearby  two-level  system.  The  variation  with 
temperature  of  the  jumping  rate  between  the  peaks  shows  that  the  respon.sible  mechanism, 
most  often,  is  tunneling  assisted  by  one  or  two  acoustic  phonons. 
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Fi^t :  CiineUiUdii  futiL  iinm 
Ilf  two  pt'iik',  sli  iniiiiiii:  fii'iti 
the  scinu'  Miix/f  ri  rn/i  iit 
iitiilecult  in  piil\i'lii\U  nf. 

The  firijut  nt  \  of  the 
inolemle  juinp\  from  one 
peak  to  the  other  ti.s  it  nearhy 
mn-fevel  swtem  flips.  The 
TIME  r/ms  jumpini;  time  is  nhout  3  ms. 

The  stuijy  of  nuorescence  correlation  for  single  pentaeene  molecules  in  para-terphenyl  crystal 
directly  shows  saturation  of  the  signal  due  to  intersystem  crossing  transitions  to  and  from  the 
triplet  subspace  (5).  When  a  microwave  field  is  applied,  transitions  between  triplet  sublevels 
affect  the  average  fluorescence  intensity  and  the  correlation  function.  Two  of  the  three 
possible  zero-field  transitions  are  ob.served.  Their  transition  frequencies  are  not  fixed  on  the 
timescale  of  the  experiment.  It  is  thus  pos,sible  to  .study  magnetic  re.sonance  on  a  single 
molecule  (71,  so  enhancing  by  several  decades  the  .sensitivity  of  conventional  techniques. 


The  variety  of  experiments  performed  to  date  on  .single  molecules  show  the  potential  of  single 
molecule  spectroscopy  (SM.S)  for  the  .study  of  the  .structure  and  dynamics  of  molecular  solids 
at  nanometer  level.  In  order  to  become  a  full-fledged  spectro.scopic  method,  .SMS  needs  now 
to  be  generalized  to  other  guest-ho.st  couples. 
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Using  three  ‘J,10-bis-styrylanthracene  derivatives  (BSA's)  with  different  substituents  for 
einissioti  layer  materials,  various  types  of  electroluminescent  (J-I.)  devices  were  fabricated. 
C'ombining  with  triphenylamine  derivatives  as  a  hole  U'anspori  layer  material  and  an 
oxadia/ole  derivative  as  an  electron  iransfKWt  material,  two-layer  type  and  three  layer 
type  devices  were  fabricated.  We  found  that  the  performances  of  two-  and  three-layer 
type  devices  were  largely  dependent  on  the  electronic  nature  of  emission  layer  materials. 
We  found  that  the  USA  s  attached  with  electron-donating  groups  have  the  specific  electronic 
nature  which  allowed  the  U’ansport  of  both  electrons  and  holes,  A  single  layer  devices 
with  about  100  nni-thick  BSA  layer  showed  high  luminance  comparable  with  convenient 
two-layer  type  devices.  I  wo-layer  type  devices  which  consisted  of  two  different  BSA 
layers  were  prepared  in  order  to  confirm  that  BSA  layer  surely  behave  as  both  electron 
and  hole  transporting  materials.  BSA  with  an  electron-accepting  substituent  surely  behave 
as  Ml  electron  transport  material.  In  contrast,  BSA's  with  electron-donating  groups  showed 
the  hiptilar  charge  transporting  characteristics,  which  means  the  capability  of  transport  of 
both  electrons  and  holes. 

Size  effects  in  organic  lil.  devices  were  studied.  Retjuirements  for  accomplishing  the 
confinement  of  the  singlet  excitons  generated  by  the  recombinations  of  injected  electrons 
and  holes  were  discussed  by  using  three-layer  type  devices  with  extremely  thin  emission 
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layer.  We  found  that  the  eonfinemenis  of  injected  charges  and  generated  exeitons  were 
achieved  even  within  bimulecular  emission  layer. 


Ilien  the  emphasis  was  laid  on  the  control  of  spontaneous  emission  from  the  emission 
layer  by  using  three-layer  type  liL  devices.  We  found  an  interference  effect  of  the 
emitted  light  and  an  optical  micro-cavity  elfcet  on  the  spontaneous  emission;  variation  of 
the  intensity  and  pattern  of  outer  emission  through  semitransparent  ITO  glass  substrate 
with  spacing  between  the  emission  layer  and  the  metallic  elccirtxJc  were  discussed 
theoretically  and  experimentally.  And  variation  of  the  fluorescent  lifetime  or  the  radiative 
decay  rate  with  the  spacing  was  also  discussed  theoretically  and  experimentally. 
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TRANSPORT  IN  MOLECLLARLY  DOPED  POLYMERS: 
DISPERSIVE  OR  NON-DISPERSIVE? 


■I.C.  Scott.  B.A.  Junes,  L.B.  Schein  and  L.Th.  Pautmeier* 


IBM  Research  Division,  IBM  Almaden  Research  Center,  650  Harry  Road, 
San  Jose,  CA  95120-6099,  USA 


Charge  transport  in  molecularly  doped  polymers  iKcurs  by  hopping  among  random 
sites.  Anomalous  diffusion  is  revealed  in  the  ratio  of  diffusion  constant  to  mobility 
which  greatly  exceeds  the  Einstein  relation.  We  describe  a  method  which  allows  the 
analysis  of  experimental  current  transients  to  determine  the  distribution  of  arrival 
times  at  the  collecting  electrode  and  find  that  the  distribution  of  inverse  arrival  times 
closely  approximates  a  Gaussian,  with  a  relative  width  approaching  unity. 
Theoretically  we  show  that  such  behaviour  can  arise  when  cither  or  both 
distributions  of  waiting  times  and  hopping  distances  arc  wide  relative  to  their  means. 
It  is  not  necessary  that  the  transport  be  dispersive  in  the  sense  that  the  mean  waiting 
time  be  infinite,  as  it  is.  for  example,  with  a  power  law  distribution  of  waiting  times. 
These  ideas  are  used  to  describe  experimental  data  on  a  variety  of  materials. 

Current  address;  T.U.  Clauslhal.  Inst,  ftir  Physikalischc  Chemie.  W-3392  Clausthal 
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Charge  &  Energy  Transport  in 
Phthalocyanine 
Based  Columnar  Mesophases 


J.  SIMON 
ESPCl-CNRS 
10,  rue  Vauquelin 
7523 1  Paris  Cedex  05,  France 


Columnar  liquid  crystals  offer  the  possibility  of  studying  charge  and  energy  transport  in 
quasi  ^D-syslems.  The  use  of  liquid  crystalline  phases  has  important  consequences  on  the 
transport  properties  in  these  media.  In  particular,  the  characteristic  times  associated  must  be 
compared  with  the  residence  time  of  the  charge  or  energy  at  every  site.  Moreover,  detailed 
informations  on  the  structures  within  the  columns  must  be  known  to  avoid  misleading 
interpretations  of  experimental  results.' 

These  phenomena  will  be  reviewed  in  the  case  of  phthalocyanine  based  liquid  crystals. 
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SCANNING  PROBE  MICROSCOPIES  FOR  THE  CHARACTERIZATION  OF 
STRUCTURE,  DYNAMICS  AND  ELECTRONIC  PROPERTIES  OF 
MOLECULAR  MATERIALS 

A.  Stabel  and  J.P.  Rabe 

Max-Planck-Institut  fiir  Polymerforschung 
Postfach  3148,  D-55021  Mainz,  Germany 
and 

J.  Gutenberg-Universitat  Mainz 
Jakob-Welder-Weg  11,  D-55I28  Mainz,  Germany 

Scanningprobe  microscopies,  in  particularscanningtunneling  microscopy  (STM)  and  scanning 
force  microscopy  (SFM),  can  be  used  for  both  characterization  and  manipulation  of  molecular 
materials  at  interfaces.  For  STM,  two  classes  of  materials  are  accessible,  namely  molecular 
conductors  and  ultrathin  molecular  layers  on  conducting  substrates  (for  a  review  see  [1]).  We 
will  focus  here  on  monomolecular  layers,  obtained  by  self-assembly  from  their  melts  or  organic 
solutions  at  interfaces  with  atomically  flat  surfaces  of  graphite,  MoS^  and  MoSe^  [2-5].  We  will 
show  that  molecular  structure,  dynamics  and  electronic  properties  can  be  determined  down  to 
the  scales  of  10  pm  and  10  ps. 

The  structure  analysis  isbased  on  the  fact  that  the  image  contr.ust  depends  critically  on  substrate, 
adsorb.ate,  as  well  as  on  the  tunneling  bias.  Using  the  substrate  lattice  as  an  internal  reference 
the  analysis  of  moire  patterns  due  to  adsorbate  and  substrate  lattices  allows  to  determine 
molecular  packings,  orientations,  conformations,  as  well  as  epitaxy  between  adsorbate  and 
substrate.  Dynamic  processes,  which  have  been  followed  by  STM,  include  the  motion  of 
domain  boundaries  as  well  as  cooperative  molecular  reorientations.  Molecular  motions  which 
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are  too  fast  to  be  observed  directly,  result  insmearingof  the  images  with  respect  to  the  respective 
coordinates.  In  these  cases  molecular  dynamics  computer  simulations  yield  valuable 
complementary  information.  We  report  in  particular  on  temperature  and  composition  induced 
order-disordertransitions,includingrougheningofalkanelamellaewithincreasingtemperature, 
as  well  as  the  transition  from  two-dimensional  crystallites  to  smectic  or  columnar  phases. 

At  molecular  defects  and  domain  boundaries  it  can  be  demonstrated  that  the  current  is 
determined  by  individual  molecular  segments,  which  means  that  current-voltage  characteristics 
through  them  can  be  measured.  For  instance,  at  a  bias  between  about  0.5  and  1  V  the  current 
through  aromatic  segments  (e.g.,  benzene,  naphthalene,  triphenylene,  azobenzene)  or  sulphur 
is  in  general  considerably  largerthan  through  alkyl  chains,  while  the  difference  between  oxygen 
containing  functions  and  alkyls  is  relatively  small. 
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PHOTOCHEMICAL  AND  PHOTOTHERMAL  DYNAMICS  IN  SUBMICROMETER 
ORGANIC  FILMS  BY  TRANSIENT  GRATING  SPECTROSCOPY 


N.  Tamai 

Microphotoconversion  Project,  ERATO,  Research  Development  Corporation  of  Japan 
Kyoto  Research  Park,  Chudoji-minami,  Shimogyo-ku,  Kyoto  600,  Japan 


Recently,  submicrometer  organic  films  of  macrocycles  and  conjugated  polymers  have  attracted 
much  interest  due  to  their  potential  applications  in  nonlinear  optics.  For  the  fundamental 
understanding  of  nonlinear  optical  processes,  the  analyses  of  photophysical,  photochemical, 
and  photothermal  properties  in  thin  films  are  indispensable.  Transient  absorption  spectroscopy, 
being  very  powerful  for  nonfluorescent  samples,  cannot  be  applied  to  submicrometer  films  for 
the  analyses  these  properties,  because  it  requires  high  densities  of  transient  species  in  thin 
layers.  We  have  recently  proposed  transient  grating  spectroscopy  using  a  femtosecond  white 
light  continuum  as  a  probe  pulse  !1|.  Using  this  spectroscopy,  the  diffraction  spectrum 
corresponding  to  the  transient  absorption  spectrum  can  be  obtained  with  high  sensitivity,  and 
transient  species  in  thin  films  can  be  identified.  Here,  we  repon  the  photophysical  and 
photochemical  dynamics  of  phthalocyanine  and  poly(2.5-ihienylene  vinylene)  (PTV)  thin  films, 
and  photothermal  properties  of  cyanobiphenyl  liquid  crystal  near  the  sapphire  interface  by 
transient  grating  spectroscopy  combined  with  total  internal  reflection. 

Thin  films  of  phthalocyanines  were  obtained  by  a  vacuum  evaporation  method.  PTV  film  was 
prepared  by  the  thermal  conversion  of  a  PTV  precursor  polymer  at  2(X)  -  250  "C  [2].  Samples 
were  excited  by  crossed  two  laser  beams  (  -  360  nm,  150  fs  fwhm)  with  an  appropriate  angle  to 
make  a  sinusoidal  distribution  of  the  change  in  complex  refractive  index  An  .  Submicrometer 
liquid  crystal/sapphire  interface  layers  were  excited  by  an  interfering,  evanescent  wave  under 
total  internal  reflection  conditions.  Relaxation  of  An  was  probed  by  a  femtosecond  white  light 
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continuum.  The  diffraction  efficiency  was  measured  as  functions  of  probe  wavelength  and 
delay  dme,  which  corresponds  to  a  diffracdcm  spectrum.  Fig.  1  illustrates  diffraction  spectra  of 
copper  phthalocyanine  thin  film  (~S0  nm  thickness)  observed  at  various  delay  times.  It  was 
found  that  the  peak  position  of  the  diffraction  spectrum  is  independent  of  the  delay  time  and 
excitation  power.  Diffraction  decays,  however,  strongly  depend  on  the  excitation  photon 
density,  and  the  second-order  diffraction  with  rise  components  was  easily  observed.  On  the 
other  hand,  diffraction  decays  of  PTV  film  are  approximately  independent  of  the  excitation 
power.  A  typical  decay  curve  observed  at  peak  of  -  650  nm  is  illustrated  in  Fig.  2,  which 
consists  of  a  fast  decay  component  of  ~  0.83  ps.  From  these  results,  temporal  and  spatial 
profiles  of  the  grating  in  organic  thin  films  are  interpreted  in  terms  of  exciton  diffusion  and 
relaxation  of  self-trapped  exciton.  In  ps  time  scales,  the  thermal  diffusion  of  a  sample  is  given 
by  transient  grating  spectroscopy.  The  thermal  diffusion  of  a  liquid  crystal/sapphire  interface 
layen  was  found  to  be  different  from  those  in  the  bulk.  The  phase  transition  behavior  in  thin 
layers  is  also  discussed  in  relation  to  the  thermal  diffusion. 


Wavelength/nm  Time/ps 


Fig.  1  Diffraction  spectra  of  copper  Fig.  2  A  decay  curve  of  diffraction  intensity 

phthalocyanine  thin  film.  of  PTV  thin  film  observed  at  650  nm. 
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TIME  RESOLVED  LUMINESCENCE,  PHOTOCURRENT,  AND  REACTION  SCHEME 
FOR  THE  FOLDED  DYE-SENSITIZED  TIO2  ELECTRODE 

Frank  Willig,  Reinhard  Kietzmann,  and  Klaus  Schwarzburg 
Fritz-Haber-lnstitut  der  Max-Planck-Gesellschaft, 

Faradayweg  4-6,  D-1000  Berlin-33,  Germany 


This  paper  addresses  the  behavior  of  a  dye-sensitized  solar  cell  with  a  high 
surface  area  that  was  described  recently  by  Gratzel's  group  in  Lausanne  It  is  an 
improved  version  of  a  cell  suggested  earlier  by  Tsubomura  et  al.  Photocurrent 
excitation  spectra  and  picosecond  time-resolved  luminescence  difference  spectra 
reveal  that  the  adsorbed  Ru-dye-molecules  are  indeed  the  electron  injecting 
species  on  the  folded  surface  of  the  polycrystalline  Ti02  electrode.  Stationary 
luminescence  spectra  are  dominated  by  color-centers  that  are  not  active  in  the 
electron  injection  process.  Absorption  and  luminescence  spectra  and  luminescence 
decay  curves  show  aggregation  and  intersystem-crossing  of  the  adsorbed  dye 
molecules  and  shed  light  on  the  stability  of  different  ruthenium  jyes.  The  reaction 
scheme  of  the  cell  involves  at  least  four  different  stages  and  reveals  cases  where 
there  is  no  trivial  direct  relationship  between  the  photocurrent  and  the  dye- 
luminescence  in  this  cell,  the  latter  would  be  expected  to  hold  true  for  an 
essentially  2-level  scheme.  Injection  of  majority  carriers  from  the  excited  dye 
molecules  into  an  extremely  thin  Ti02  layer  allows  for  employment  of  Ti02  material 
with  extremely  high  trap  density  without  involving  at  the  same  time  serious  losses 
in  the  cell.  We  will  discuss  possible  mechanisms  resulting  in  the  observed  fairly 
small  recombination  losses  between  oxidized  dye  molecules  adsorbed  on  the 
folded  Ti02  surface  and  electrons  injected  from  this  surface  into  the  Ti02  material. 
Strategies  will  be  considered  for  achieving  long-time  stabilization  of  this  type  of 
majority-carrier  injection  solar  cell. 
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Uitrafast  Dynamics  of  Excited  States  of  J-Aggregates 
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Ashigara  250-01 ,  Japan 


The  excited  state  dynamics  of  J-aggregates  formed  from 
carbocyanine  dye  BIC  have  been  studied  with  picosecond  transient 
absorption  and  fluorescence  spectroscopy.  With  the  former  method,  we 
created  many  excitons  per  aggregate.  The  observed  dynamics  are  intensity 
dependent  and  reflect  exciton-exciton  annihilation  processes.  In  addition, 
the  zero  time  spectrum  is  also  intensity  dependent,  probably  due  to  a 
reduction  of  k-space  at  high  exciton  concentrations.  J-aggregates  in  glass 
are  studied  at  liquid  helium  temperature  and  broadening  and  red-shift  of 
time-resolved  fluorescence  spectra  on  the  picosecond  timescale  are 
observed.  The  fluorescence  lifetimes  decreased  with  increasing 
temperature  in  the  range  of  20  -  60  K.  The  possible  mechanisms  of  these 
phenomena  are  discussed. 


ORAL  PRESENTATIONS 
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ORGANIC/INORGANIC  MOLECULAR  BEAM  EPITAXY  (O/I-MBE); 
FORMATION  AND  CHARACTERIZATION  OF  ORDERED 
ORGANIC/SEMICONDUCTOR,  ORGANIC/METAL,  AND 
ORGANIC/ORGANIC’  HETEROJUNCTIONS  AND  SUPERLATTICES 

N.R.  Armstrong*.  M.L.  Anderson*,  V.S.  Williams*!,  C.D.  England*, 

T.S.  Schuerlcin*,  G.E.  Collins*,  L.-K.  Chau*,  S.-Y,  Chen*,  P.A.  Lee*, 

K.W.  Nebesny*.  Sandolphonf,  N.  Pcyghambarian  t,  S  Mazumdari 

*Department  of  Chemistry/ fOptical  Sciences  Center/ ^Department  of  Physics 
University  of  Arizona,  Tucson,  Arizona  85721 

A  combination  of  molecular  beam  epitaxies  has  been  developed  to  create  highly  ordered  thin 
films  of  trivalent  and  tetravalent  metal  phthalocyanine  dyes  on  metal  dichalcogenide 
semiconductors  such  as  SnS,  and  MoS,  [IJ.  MBE  deposition  of  the  semiconductor  thin  film 
produces  a  semitransparent  substrate  for  the  dye  layers  which  then  supports  characterization 
by  both  photoelectrochemical  and  optical  means,  including  linear  absorbance  and 
reflectance/absorbance  spectroscopies  and  femtosecond  transient  hole-burning  spectroscopies 
[2,3]. 

The  development  of  the  O/I-MBE  process  has  been  driven  by  the  interest  in  studying  dye 
sensitization,  exciton  coupling,  electroluminescence,  fast  optical  switching  and  other  optical 
nonlinearities  in  organic  materials  with  long  range  order  as  thin  films,  and  the  capability  to 
form  molecularly  sharp  interfaces  with  both  inorganic  and  organic  dye  substrates.  The 
O/I-MBE  process  should  be  viewed  as  complimentary  to  other  casting  or  LB  deposition 
strategies,  and  provides  for  the  deposition  of  dyes  not  amenable  to  these  solution  deposition 
procedures,  with  no  need  for  hydrocarbon  spacer  layers  between  the  dyes. 

Surface  electron  diffraction  techniques  are  applied  during  the  MBE  deposition  process  to 
verify  long  range  order  cf  the  dyes  and  to  determine  the  architecture  of  the 
monolayer-^multilayer  dye  assemblies  (1,2],  On  the  six-fold  symmetric  basal  planes  of  SnSj  and 
MoS,  the  four-fold  symmetric  phthalocyanines  form  3-6  equivalent  domains,  rotated  to 
optimize  the  van  der  Waals  interactions  between  the  first  dye  monolayer  and  the  substrate 
chalcogenide  atoms  (sulfur-sulfur  spacing  distances  apparently  control  orientation  of  these 
domains).  Perylene  dyes  form  pseudo-hexagonal  arrays,  also  rotated  to  optimize  interaction 
with  the  substrate,  while  high  symmetry  molecules  such  as  Cgo  form  perfectly  coincident  six¬ 
fold  symmetric  surface  layers  (4). 
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Photoelectrochemical  studies  of  Pc/SnS,  interfaces  show  that  dye  sensitization  by  the  ordered 
Pc  monolayer  is  quite  efficient,  with  quantum  yields  per  absorbed  photon  in  the  first 
monolayer  of  up  to  S0%  and  photocurrent  spectral  lineshapes  nearly  as  narrow  as  those  for  the 
monomer  in  solution  [3],  Provided  that  tong  range  order  is  sustained  in  the  deposition  of  the 
second  and  subsequent  layers,  the  spectral  shapes  remain  narrow  and  the  QY  AP  values  decrease 
to  1-5%.  Systematic  shifts  in  the  Q-band  maximum  are  seen  as  the  epitaxial  layer  growth  is 
continued,  up  to  ca.  10  ordered  monolayers.  The  exciton  coupling  model  (point  dipole 
approximation)  has  been  extrapolated  to  these  systems  to  model  the  interaction  between 
adjacent  epitaxial  dye  layers  [30],  confirming  that  this  type  of  exciton  coupling  should  saturate 
at  epitaxial  dye  layer  thicknesses  of  6-10  monolayers. 

Femtosecond  differential  hole  burning  spectroscopies  (DTS)  of  both  disordered  and  ordered 
phthalocyanine  layers  have  been  carried  out  (2].  For  the  disordered  films,  pumping  anywhere 
in  the  Q-band  region  produces  a  spectral  hole,  temporally  coincident  with  the  pump,  at  the 
bottom  of  the  excited  singlet  manifold.  For  epitaxial  Pc  thin  films  (e.g.  InPc-Cl/SnS,)  the 
spectral  hole  is  at  the  Q-band  maximum,  consistent  with  the  more  homogeneous  enviroment  for 
the  chromophore  in  these  MBE-grown  materials.  In  both  types  of  materials  there  is  a 
significant  induced  absorption  (lA)  event  on  the  high  energy  side  of  the  Q-band,  better 
resolved  in  the  epitaxial  thin  films,  which  suggests  a  “biexcitonic-like’'  process  following  the 
initial  excitation.  Relaxation  rates  for  both  the  DTS  and  lA  events  are  strongly  temperature 
and  polarization  dependent  and  occur  on  time  scales  that  are  encouraging  for  the  envisioned 
fast  optical  switching  applications  for  this  type  of  organic  thin  film. 

Success  in  creating  highly  ordered  phthalocyanine,  perylene  and  CgQ  thin  films  has  now  led  to 
attempts  to  grow  true  organic/organic*  superlattices  based  on  these  materials  [4],  Starting  with 
ordered  Pc  layers  on  substrates  such  as  MBE-grown-SnS,,  it  is  possible  to  form  ordered 
[(lnPc-Cl)..,.u, l,nOr[(lnPc-Cl)....m./(PTCDA),.,u,  l,nmultilayersI4al.  Provided  that 
the  Pc  coverage  per  layer  is  I-2ML,  narrow  Q-band  lineshapes  can  be  sustained,  and  the 
excitonic  interaction  between  adjacent  Pc  layers  can  be  carefully  regulated  by  controlling 
either  the  or  the  PTCDA  film  thickness.  Photoelectrochemical  and  DTS/IA  studies  in 
progress  suggest  that  formation  of  such  multilayers  will  be  an  attractive  way  to  study  excitonic 
interactions  which  have  been  largely  confined  to  two-dimensional  ordered  layers. 
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There  has  been  considerable  interest  in  photochemical  and  photophysical 
processes  of  molecular  assemblies  consisting  of  polypyridine  complexes. 
Recently  our  main  effort  concerned  with  covalently  linked  polynuclear 
complexes  of  Ru(Il)  and  Os(II)  in  which  optical  excitation  is  followed  by 
spatially  directed  energy  and/or  electron  transfer.  The  mono-  and  dinuclear 
complexes  containing  rigid  bridging  ligands  and  Ru(bpy)2^*  and  Os(bpy)2^'*’ 
units  have  been  synthesized  and  their  electrochemical  and  photophysical 
properties  investigated.  Such  rod-like,  nanoscale  supramolecular  species 
exhibit  intense  absorption  spectra,  strong  tmd  long-lived  luminescence,  and 
reversible  redox  properties.  In  the  mixed  metal  [(bpy)2Ru(bpy-S- 
bpy)08{bpy)2]"'^  complexes  (see  figure)  long-range  energy  and  electron 
transfer  take  place.  Their  rate  constants  and  mechanisms  are  discussed. 


Ru(bpy)2 


n+ 


Os(bpy)2 


n+ 


n  =  2  or  3 
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PH0TCX;QNDUCT1VITY  in  DISCOTIC  liquid  CRYSTALS:  A  NEW  CLASS  OF 

MOBILITY  MATERIALS 


D.  Haarer*.  D.  Adam,  F.  Gloss,  T.  Frey,  D.  Funhoff,  H.  Ringdorf,  P.  Schuhmacher  and  K. 
Siemensmeyer 


‘Physics  Institute  University  Bayreuth,  8580  Bayreuth,  Germany 


Organic  photoconductors  have  penetrated  many  areas  of  technical  applications  such  as 
laser-printing,  offset-printing  etc.  Their  major  disadvantage  has,  so  far,  been  their  low 
charge  carrier  mobilities,  v\rhich  are  mainly  due  to  disorder  phenomena.  The  latter  lead  to 
a  hopping  conduction  of  rather  localized  charge  carriers. 

in  organic  crystals  one  can  see  the  onset  of  band-like  carrier  propagation  due  to  the  good 
overlap  of  the  molecular  wave  functions  and  due  to  the  long  range  order  of  crystalline 
materials. 


Organic  Quasi  Amorphous 

Crystals  Conjugated  Polymers 

Amorphous  Polymers 

Silicon 


10*’  10'^  X)'^  lO'**  10'^  10'^  10’’  10'® 


Mobility  [cm^/Vs] 


Fig.  1:  Mobilities  of  typical  organic  solids  (see  text). 
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We  have,  for  the  first  time,  been  able  to  perform  dynamical  photoconduction  experiments 
in  a  discotic  liquid  crystal  [1].  Whereas  the  crystalline  (multicrystalline)  phase  shows 
heavy  trapping,  the  meso-phase  shows  rather  high  hole  mobilities  (10'^  cm^/Vsec)  and 
moderately  high  electron  mobilities  (10'^  cm^/Vsec). 


Fig.  2:  Structure  and  packing  of  hexapentyloxytriphenylene.  The  R-group  corre¬ 

sponds  to  R  =  CjH,,. 


The  temperature-  and  field-dependence  of  charge  carrier  mobilities  will  be  discussed  in 
some  more  detail. 


Reference: 

[1]  D.  Adam,  F.  Closs,  T.  Frey,  D.  Funhoff,  D.  Haarer,  H.  Ringsdorf,  P.  Schuhmacher 
and  K.  Siemensmeyer,  Phys.  Rev.  Lott.  ZQ,  457  (1993) 
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MECHANISM  OF  LASER-INDUCED  HOLE  FILLING  IN 
PHOTOCHEMICAL  HOLE  BURNING  AT  4-20  K 


)  Norio  Murase  * 

Faculty  of  Engineering,  University  of  Tokyo,  7-3-1  Bunkyo-ku,  Tokyo  113,  Japan 
•Central  Research  Laboratory,  Hitachi  Ltd.,  Kokubunji,  Tokyo  185,  Japan 


Laser-induced  hole  filling  (LIHF)  in  persistent  spectral  hole  burning  is  a 
phenomenon  in  which  the  decrease  in  hole  depth  occurs  without  changing  its  width  for 
a  previously  burnt  hole  during  laser  irradiation  at  a  different  wavelength.  There  are 
several  papers  concerned  with  the  LIHF  (1-3).  Among  them,  our  previous  paper  [3] 
showed  that  LIHF  due  to  stmctural  relaxationof  matrix  polymers  is  an  important  factor 
controlling  the  hole  formation  of  porphyrin  derivatives  at  80K  depending  on  the  nature 
matrix  polymers,  since  the  temperature  dependence  of  quantum  efficiency  for  hole 
formation,  4>,  markedly  deviates  at  50-  80  K  from  that  of  Dcbye-Waller  factor  while  the 
former  coincides  well  with  the  latter  at  4-  30  K.  The  mechanism  of  LIHF  due  to  the 
structural  relaxation  was  also  suggested  by  the  fact  that  polymers  with  hydrogen 
bonding  (polyvinyl  alcohol  and  epoxy  resin)  and  capable  of  hole  formation  at  80  K 
showed  excellent  resistance  against  LIHF  at  50  and  80  K  during  temperature  cycle 
experiments. 

The  LIHF  at  lower  temperatures,  e.g.  4-20  K,  is  also  important  topic  since  it  is 
related  to  non-site-selective  phonon-assisted  excitation  process  of  the  host-guest 
systems  and  it  would  be  the  principal  factor  for  limiting  the  achievable  recording  density 
of  photochemical  hole  burning  (PHB)  memory.  A  convincing  mechanism  of  LIHF  at 
4-20  K  [4]  is  proposed  in  the  present  contribution. 

The  extents  of  LIHF  at  4-20  K  were  precisely  measured  as  a  function  of  energy 
difference  from  the  newly  burnt  wavelength,  of  burning  power,  and  of  an  originally 
burnt  hole  depth  for  sulfonated  tetraphcnylporphin  (TPPS)  in  poly(vinyl  alcohol) 
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(PVA)  film.  The  hole  profiles  during  hole  filling  experiments  (Fig.l)  and  the 
wavelength  dependence  of  hole  filling  extent  y  at  20  K  (Fig.  2)  are  shown  below. 
Dyes  doped  in  amorphous  hosts  can  be  excited  non-site-selectively  through  three  types 
of  transitions  in  addition  to  the  site-selective  purely  electronic  zero-phonon  transition. 
These  three  types  are  :  excitations  from  thermally  excited  Sq  states,  excitations  to  lattice 
vibronic  states  in  Si,  and  to  vibronically  excited  states  of  dye  molecules  in  Si  with 
lattice  vibrations.  The  main  mechanism  of  LIHF  at  4-20  K  is  supposed  to  be  these  non¬ 
site-selective  excitations  and  reactions,  which  lead  to  smaller  deaease  in  absorbance  in 
the  previously  burnt  wavelength  region  compared  to  the  region  that  was  not  previously 
burnt. 


Y(X)  =  lim  [1-AAEb(X)  /  AAo(X)]  /  Eb 

Eff-*0 

1.  B.  L.  Fearey,T.  P.Carter, G.  J.  Small, Chem. Phys.,  JiUL  279(1986). 

2.  R.  van  der  Berg,  S.  Volker,  Chem.  Phys.  Lett.,  128.  257  (1988). 

3.  A.  Furusawa,  K.  Horie,  J.  Chem.  Phys.,  80  (1991). 

4.  N.  Murase,  K.  Horie,  submitted  to  Chem.  Phys.  Lett. 


Wavelength  (nm) 


Fig.  1.  Example  of  quantitative  experiment  for 
laser  induced  hole  filling  at  20  K.  The  hole  at 
642.0  nm  is  formed  with  burning  energy  Ea 
Depth  changes  of  other  holes  ate  measuied  as  a 
function  of  Ea  Note  that  the  holes  in  the 
lower  wavelength  region  are  more  filled 
compared  to  the  holes  in  the  shorter  wavelength 
region. 


Fig.  2.  Wavelength  dependence  of  hole  -filling 
extent  y  of  TPPS/PVA  at  20  K.  Burning 
wavelength  Xa  is  642.0  nm.  This  figure  also 
shows  the  phonon  energy  Es  (23.5  cm"*  or 
0.96  nm),  energy  difference  between  the  first 
main  satellite  hole  and  the  resonant  hole  Vi 
(169  cra-1  or  6.94  nm).  and  *T  at  20K  (13.9 
cm"l  or  0.57  nm). 
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ATOMIC  FORCE  MICROSCOPY  ON  PHOTOREACl I  WE  ORGANIC  SOLIDS 

Gerd  Kaupp 

Universitat  Oldenburg,  Postfach  2503,  0-2900  Oldenburg,  F  f<  G 
INTRODUCTION 

Stereoselective  photolyses  of  crystals  include  absolute  asym¬ 
metric  syntheses  [1]  •  The  stereoselectivities  have  been  ration¬ 
alized  in  terms  of  the  well  known  topochemi s t r y  principle.  How¬ 
ever  there  are  numerous  severe  drawbacks  with  hardly  understood 
positive  and  negative  except  ions  [2]  .  With  the  advent  of  atomic 
force  microscopy  (AFM)  it  has  become  apparent,  that  phase 
transformations,  which  largely  had  not  been  acknowledged  previ¬ 
ously,  are  vital  for  phot oreac t i v i t y  and  that  those  involve  far 
reaching  spatially  directed  transport  phenomena  [3] .  At  present, 
eight  different  mechanisms  are  known  and  these  will  be  inter¬ 
preted  on  a  molecular  basis. 

RESULTS  AND  DISCUSSION 

Numerous  enant ioselect i we  syntheses  by  solid-state  photochemis¬ 
try  are  known.  However,  in  most  cases  e£-values  are  poor|[l]. 
Thus,  most  of  the  chirality  advantage  of  the  crystal  may  be 
wasted  upon  photolysis  via  conformational  racemization  during 
the  phase  transformation. 

The  photodimerizations  of  o(-  and  O-cinnamic  acid  yield  OC-tru- 
xillic  and  Q-truxinic  acid  predominantly.  However,  in  contra¬ 
diction  to  previous  belief,  there  are  spatially  directed 
formations  of  flat  covers  with  trenches  (followed  by  floes)  or 
craters  (0-,  (100))  and  volcanoes  (B-,  (010))  followed  by  flat¬ 

tening.  Crystal  structure  will  be  discussed. 

In  the  photodimerization  of  the  chalcone  2 , 5-dibenzyl idene  cy- 
clopentanone  three  products  are  formed.  From  those,  the  h/h- 
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anti-CYClodimer  puts  an  incredible  world  record  in  terms  uf 
topochemist ry  principle  with  a  skew  angle  of  13S“.  However,  AIM 
on  (001)  clearly  indicates  materials'  transport  over  more  ttian 
10  nm  even  in  the  initial  phases  of  the  reaction. 

Anthracene  forms  t  opochemica  1 1  y  forbidden  its  [|a  +  4  ]  phot  od  i  me  r. 
The  reaction  starts  along  one-,  two-,  three-  and  f our -mo  1  ecu  1  a r 
steps,  which  behave  as  independent  crystal  face  already.  Those 
are  easily  depicted  within  a  simple  AFM  run  on  (001)  and  pro¬ 
vide  a  new  approach  to  nanotechnology.  9-Cyanoanthracene  yields 
the  head  to  tail  photodimer  in  opposition  to  crystal  structure. 
The  product  formation  occurs  on  mu  1 1 imolecu 1  a r  steps  upon  CDIO) 
which  again  behave  as  distinct  submicro  crystal  faces. 
Crystalline  diphenyltetrazole  photoeliminates  nitrogen.  Cscape 
of  nitrogen  occurs  through  newly  formed  submic r oscop i c  holes. 
This  points  to  applications  in  subm ic ro f abr i ca t i on  technigues. 

CONCLUSIOM 

AFM  is  a  versatile  new  experimental  technigue  for  elucidation 
and  interpretation  of  solid-state  photolyses.  The  results  are 
directly  seen  in  3D-pictures.  Furthermore  there  are  new  ap¬ 
proaches  to  nanotechnology. 
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Energetic  topography  of  organized  molecular  systems* 
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A  model  for  the  description  of  electronic  excitations  in  organized  molecular  systems 
of  finite  size  in  which  intcrmolecular  distances  are  comparable  to  molecular  dimensions  is 
presented**.  A  methodology  based  on  the  excitonic  theory  coupled  to  quantum  chemistry 
is  developed  and  applied  to  columnar  ag^gates  of  triarylpyrylium  teirafluoroborates  and 
triphenylenes.  Excitation  energy  and  interactions  among  transition  moments  (diagonal 
and  off-diagonal  terms  of  the  matrix  Hamiltonian)  are  calculated  taking  into  account  the 
precise  geometry  of  the  aggregate.  The  energetic  topography  of  triariaryl  pyrylium 
aggregates  shows  that  diagonal  energy  is  sensitive  to  edge  and  orientational  effects. 
Conversely,  the  relative  orientation  triphenylene  cores  has  not  a  big  influence  to  the 
excitation  energy.  Diagonalization  of  the  electronic  Hamiltonian  in  the  strong  exciton 
interaction  limit,  provides  the  eigenstates  from  which  localization  indexes,  radiative 
lifetimes,  absorption  and  fluorescence  spectra  are  calculated.  Previously  published 
experimental  data  are  discussed  in  the  light  of  the  theoretical  calculations. 


*  the  present  work  has  been  performed  within  the  frame  of  a  COST  D4  project 
entitled  "Columnar  liquid  crystals  as  energy  guides  fcM"  molecular  electronics". 


**  Chem.  Physics,  in  press 
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Tide  :  Oriented  conducting  polymers  in  a 
Langmuir- Blodgea  supramolecular  architecture 

The  electrical  conductivities  of  organic  polymers  arc  known  to  be  severely  affected  by 
structural  defects  such  as  dispersed  length  (chain  ends),  misorientation  and  tilling  of  the  chains 
(polymers  are  seldom  grown  as  monocrystals). 

The  goal  of  this  proposal  is  to  control  the  primitive  organization  of  naonomers  and  to 
polymerize  them  topochemically  in  the  solid  state,  so  as  to  obtain  long  monodispersed  aligned 
polymer  chains.  From  this  ordering  in  a  supramolecular  architecture,  the  conductivity,  when 
monomers  are  from  the  thiophene,  pyrrole  or  aniline  family  is  expected  to  increase  by  several  orders 
of  magnitude.  To  reach  this  goal  the  proposed  strategy  consists  in  the  design  and  the  synthesis  of  a 
matrix, made  of  rigid  polymeric  rods,  preprogrammed  to  interlock  with  designed  monomers,  along 
the  long  axis  of  each  rods,  at  well  defined  intervals  (allowing  C-C  bonds  when  the  polymerization 
will  be  performed  in  the  solid  state).  The  alignment  of  the  matrix  will  be  given  by  the 
Langmuir- Blodgett  technique  and  so  the  conducting  polymer  chains  will  grow  along,  at  the 
periphery  of  the  template  rod  like  polymer.  The  chemistry  and  synthesis  of  the  rod  like  template 
(siloxo  phthalocyanines)  will  be  realized  by  the  team  of  Pr.  TORRES  (SPAIN).  The  monomers  will 
be  synthetized  by  Dr.  SANNICOLO  (ITALY)  and  the  work-up  by  the  L.B.  technique,  as  well  as 
solid  state  reactions  (interlocking  and  polymerization  by  the  SACLAY  team  (M.  VANDEVYVER, 
S.  PALACIN,  A.  RUAUDEL-TEDflER). 
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PHOTOPHYSICAL  PROCESSES  INVOLVED  IN 
CREATION  OF  DARK  SPATIAL  SOLITONS  IN 
COMPOSITE  PHOTONIC  MEDIA 


Anna  Samor  ,  Marek  Samoc  and  Barry  Luther-Davies 

Laser  Physics  Centre,  Australian  National  University,  Canberra, 
ACT,  Australia 


A  dark  spatial  soliton  is  a  self-guided  dip  in  the  intensity  profile  of 
an  optical  beam  propagating  in  a  nonlinear  medium.  It  is  a  stable 
spatial  structure  with  a  constant  shape  and  size  where  diffraction 
of  the  beam  is  exactly  cancelled  by  the  action  of  the  nonlinearity  of 
the  medium  [1].  A  dark  soliton  requires  the  medium  to  have  a 
negative  nonlinearity,  i.e.,  the  nonlinear  refractive  index  n2  or 
third  order  susceptibility  <0  (self-defocussing  behaviour)  as 
opposed  to  the  condition  for  a  bright  soliton  which  can  be  formed 
in  nonlinear  media  with  n2>0  (2]. 

An  exciting  feature  of  spatial  solitons  is  their  ability  to  create 
waveguide  structures  including  Y  and  X-junctions  [3,4],  In  the 
simplest  case,  a  tc  phase  jump  introduced  across  the  centre  of  a 
Gaussian  beam  leads  to  the  formation  of  a  (1+1  )D  black  soliton 
which  writes  a  refractive  index  profile  in  which  the  bright  regions 
have  a  lowered  refractive  index  due  to  the  negative  n2  (n=no+n2l), 
while  in  the  centre  of  the  dark  soliton  the  index  is  unperturbed. 

The  waveguide  formed  in  this  way  can  be  used  to  guide  a  separate 
probe  beam  coaxially  along  the  soliton.  Dark  spatial  solitons  can 
thus  be  used  for  guiding  light  beams  by  other  light  beams  and  this 
is  of  great  interest  to  all-optical  processing  of  information. 

We  have  started  a  project  to  develop  materials  suitable  for  a 
technology  which  uses  dark  spatial  solitons  for  creation  of 
permanent  and  transient  waveguiding  structures.  Such  materials 
involve  polymers  as  well  as  organic/inorganic  composites 
fabricated  using  the  sol-gel  process.  Our  interest  is  in  materials 
which  show  self  dcfocussing  behaviour,  i.e.  in  which  the  action  of 
light  is  to  reduce  the  magnitude  of  the  refractive  index.  Three 
classes  of  photophysical  processes  which  are  of  interest  here  are; 

•  photochemical  transformations  of  the  dye  molecules.  These  can 
lead  to  transient  or  permanent  bleaching  of  absorption,  which. 


/ 
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through  the  Kramers-Kroning  transformation  causes  a  decrease  of 
the  refractive  index, 

•  thermally  induced  changes  in  absorbing  media.  The  major 
component  of  these  changes  is  due  to  thermal  expansion  leading  to 
a  defocussing  behaviour,  however,  other  processes  may  also 
contribute  to  the  total  refractive  index  change, 

•  electronic  third-order  optical  nonlinearity  of  molecules.  As  a  rule, 
negative  (defocussing)  occurs  for  wavelength  between  the 
single-photon  and  two-photon  absorption  edges  of  the  material. 

We  have  investigated  a  large  number  of  dyes  of  various  chemical 
structures  in  various  media  (solution,  molecularly  doped  polymer, 
sol-gel  silica  glass)  and  found  that  the  refractive  index  changes 
necessary  to  create  a  dark  soliton  which,  in  turn  creates  a 
waveguide  can  be  obtained  through  bleaching  of  several  dyes.  In 
particular,  many  fluorescein  derivatives  have  been  found  to  be 
suitable  for  writing  permanent  waveguide  structures  by  bleaching. 
Thermally  induced  refractive  index  changes  can  also  be  of  practical 
interest  for  relatively  slow  photonic  switching  using  dark  solitons. 

In  both  cases,  however,  the  situation  is  complicated  by  the  fact  that 
the  effective  nonlinearity  is  a  nonlocal  function  of  both  time  and  the 
spatial  variables  which  is  equivalent  to  saying  that  the  nonlinear 
refractive  index  n2  is  a  function  of  both  the  frequency  (which 
determines  the  time  response  of  the  soliton  switch)  and  the  spatial 
frequency  (which  influences  the  ability  to  form  highly  spatially 
resolved  structures  such  as  soliton  induced  waveguides). 

The  formation  of  solitons  and  soliton  induced  waveguides  in 
polymeric  materials  and  viscous  solutions  has  been  found  to  be 
greatly  influenced  by  the  Soret-like  thermodiffusion  process.  This 
nonlocal  contribution  to  the  effective  thermal  nonlinearity  of  a 
multicomponent  medium  is  a  slow  process  which,  depending  on  the 
details  of  the  composition  of  the  medium,  can  either  destroy  the 
soliton  or  enhance  its  formation.  This  is  of  special  importance  for 
such  media  as  dye-doped  polymer-solvent  systems. 
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ELECTRON  AND  ENERfiY  TRANSFER  IN  LANOMDIR  BLODCiETT  FILMS 
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Langmuir  Bkxigett  layers,  allowing  a  control  of  molecuiar  orientations  and  the  formation  of  designed 
structure  in  one  dimension  are,  the  systems  of  choice  to  investigate  electron  and  energy  tran.sfer  in 
organi2ed  molecular  a.s.semblies.  Due  to  the  large  local  scnsiliycr  concentration  in  Langmuir  Blodgett  films 
the  photophysical  behaviour  of  the  sensitber  will  be  influenced  by  the  formation  of  and  (inter  or 
intralaycr)  |l|  energy  transfer  to  aggregates  121.  Information  on  or  suppression  of  those  processes  is 
therefore  necessary  for  a  quantitative  study  of  excited  state  electron  transfer  priKcsses  in  those  films. 
Preliminary  experiments  suggested  that  this  dimer  formation  can  de  reduced  signincanlly  |.))  using  a 
matrix  of  unsaturated  phospholipids.  This  has  been  confirmed  more  recently  using  iKtadccyl  substituted 
rhodamine  B  and  octadecyl  substituted  crystal  violet.  When  C  d-arachidate  is  used  as  matrix  energy 
transfer  to  dimers  or  aggregates  becomes  for  both  molecules  already  an  major  decay  priKe.s.sc.s  when  0.1 
%  or  less  of  the  area  of  each  layer  is  occupied  buy  dye  molecules.  On  the  other  hand  using  the  a  matrix  of 
dipalmitoyl  phosphatidic  acid  or  dioleoyl  phosnhatidic  acid  'Jiosc  ptoee.vses  become  only  relevant  at  a 
coverage  of  more  than  'S  In  the  latter  system  the  non  exponential  decay  observed  at  low 
concentrations  of  dioctadecyl  crystal  violet  is  not  related  to  energy  transfer  to  dimers  but  to  the  presence 
of  two  nearly  degenerate  transitions  in  the  chromophore. 

Global  analysis  (4)  of  simulated  fluorescence  decays  suggc.stcd  the  pos.sibility  to  discriminate  between  a 
homogeneous  distribution  of  acceptors,  a  system  with  two  phases  and  a  distribution  of  acceptors 
characterized  by  a  fractal  dimension  ( 1 1.  In  this  way  it  is  pos.sible  to  cover  a  range  of  dimensions  that  is 
accessible  neither  with  X-ray  or  electron  diffraction  nor  with  optical  spectroscopy.  While  at  low  acceptor 
concentrations  energy  transfer  can  be  described  using  stretched  exponential  expressions  more  complicated 
expressions  are  necessary  at  higher  acceptor  concentrations  (5|.  Recently  it  has  become  possible  to  fit 
fluorescence  decays  simulated  for  a  large  range  of  acceptor  concentrations  to  an  approximate  multi- 
exponential  expression.  The  validity  of  this  expre.ssion  will  be  investigated  for  experimentally  obtained 
fluorescence  decays  obtained  for  a  large  range  of  acceptor  concentration.  In  a  next  step  the  expression  will 
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he  adapleJ  for  the  occurrence  of  tiimor-Jonor  energy  migration  and  be  used  lor  fluore^enee  decays 
obtained  of  a  large  range  of  donor  concenlralions. 

As  the  investigation  of  sensiliyed  photocurrents  |6|  and  luminescence  quenching  |7|  in  multilayer  structures 
suggestrrd  important  contributions  of  the  through  bond  interactions  to  the  electron  transfer  a 
polychromophoric  molecule,  N,N’Kli-(l-pyrenyl)-bulyloxacarbocyanine  (OXAPY)  that  could  be 
incorporated  in  oriented  way  into  a  Langmuir  Blodgett  layer  was  synthesiyed  |H|.  Phrgoinduced  electron 
transfer  between  covalently  bound  chromophorcs  as  OXAPY  incorporated  in  a  monolayer  will  be 
compared  to  electron  transfer  between  similar  chromophores  situated  at  opposite  sides  of  a  monolayer.  To 
the  extent  that  the  electron  transfer  is  reversible,  as  was  observed  ftrr  OXAPY  in  solution,  those 
experiments  yield  also  information  on  the  further  decay  processes  involving  the  charge  separated  state. 
The  latter  processes  will  also  he  investigated  using  nanosecond  flash  photolysis.  If  important  lateral 
movements  of  the  hole  occur  they  should  also  be  delected  by  stationary  ad  time-resolved  photocurrents  in 
the  plane  of  the  monolayer. 
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The  search  for  bridging  ligands  allowing  electronic  communication  between  metal  centres  is  an 
important  target  related  to  long-range  electron  transfer  and  photoinduced  charge  separation. 
Recently,  Sauvage  et  al.l*'  found  a  new  type  of  biscyelometallated  3, 3’, 5,5’- 
tetrapyridylbiphenyl  ligand,  tpbp,  bridging  two  ruthenium  centers  in  the  complex 
[(tterpy)Ru]2(tpbp)^'‘',  tterpy  =  4’-p-tolyl-2,2’:6’,2"-terpyridine,  as  shown  in  Figure  1.  Besides 
the  way  this  compound  was  formed,  this  complex  showed  interesting  photophysical  and 
electrochemical  properties.  These  properties  originating  from  the  fact  that  it  can  exist  not  only  in 
Ru**2  and  Ru*”2  oxidation  states  but  also  in  the  mixed  valence  state  Ru2*’'''’ 
(comproportionation  constant  K^.  is  =6(X)).  The  most  striking  aspect  of  the  Ru2*’'”'  state  is 
related  to  its  intervalence  transfer  (huge  IT  band  at  =1820  nm,  e  =27000  M'*cm  ')  that 
indicates  significant  delocalization. 

In  a  collaborative  project  the  Utrecht  group  is  exploring  the  use  of  the  bis-ortJio-chelating  ligand 
2,6-bis[(dimethylamino)methyl|phenyl,  rra/ts-pincer,  in  ruthenium  chemistry.  In  the  course  of 
these  studies  the  reaction  shown  in  eqn  1  was  realized  and  the  resulting  dinuclear  ruthenium 
complex  with  a  bridging  bis-trons-pincer  was  isolated  and  characterized  by  X-ray  diffraction. 
The  planar  biphenyl  part  of  this  ligand  is  a  striking  structural  feature  of  this  complex  (see  Figure 
2)  that  was  not  present  in  [(tterpy)Rul2(tpbp)“'^. 


Eqn.  1 
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terpy  =  2.2':6'.2"  terpyndine 


The  easy  oxidative  coupling  of  (tranj-pincer)Ru(terpy)‘*' .  which  has  a  highly  reversible 
Ru(II)/Ru(lII)  couple  (i.e.  the  rra/is-pincer  is  a  strong  electron  donor),  opens  the  way  to  a  new 
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family  of  complexes  combining  two  different  C-bonded  aromauc  nuclei  disposed  in  a  para- 
fashion  with  respect  to  the  metal-carbon  bonds.  Such  back-to-back  bis-chelated  metal  centres 
could  form  the  basis  for  interesting  switchable  devices  with  controllable  conformadonal  changes 
(e.g.  rotation  around  the  central  C-C  bond).  The  current  status  of  the  project  will  be  discussed. 


Figure  1.  Molecular  structure  of  ((tterpy)Ru**l2(t|rt>p)^'*':  Ru*»*Ru  distance.  11.009(2)  A, 
torsion  angle  around  the  central  C-C  bond  of  the  tpbp  ligand,  22.2(7)’. 


Figure  2.  Molecular  structure  of  [(terpy)Ru*’*l2(bis-irans-pinccr)^'*';  4  (CUCI2)'; 

Ru**«Ru  distance,  10.829(2)  A,  torsion  angle  around  the  central  C-C  bond.  O'; 
length  of  that  bond,  1.436(12)  A. 


Reference;  [1],  M.  Beley,  J.-P.  Collin,  R.Louis.  B.  Metz,  and  J.-P.  Sauvage 
J.  Am.  Chem.  Soc..  1991,  113,  8521. 
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OPTICALLY  INDUCED  TRANSIENT  CONDUCTIVITY 
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ABSTRACT 

Multi-component  conductivity  changes  in  metallic  radical  ion  salts  are  induced  by  optical  excitaticn. 
The  measurements  stimulate  the  search  for  new  models  describing  the  charge  carrier  generation  and 
transport  in  these  salts.  First  experiments  on  polycrystalline  films  of  the  quasi-three-dimensional 
2,5-dimethyl-dicyanoquinonediimine  copper  salt.  (DMe-DCNQI)2Cu  and  the  corresponding  low¬ 
dimensional  chlor-methyl  and  brom-methyl  salts.  (CIMe-DCNQll^Cu  and  (BrMe-DCNQI)2Cu. 
respectively,  are  presented.  The  experiments  raise  the  question  whether  there  is  a  considerable 
contribution  of  higher  conduction  bands  which  might  explain  the  fast  signals  (t<  5  ns). 

INTRODUCTION 

Conventional  photoconductivity  in  highly  conducting  materials,  e.g.  DCNQI  salts  [1],  is  unlikely  to 
be  observed  because  of  considerable  charge  carrier  concentrations  in  the  conduction  bands.  We  are 
interested  m  switching  the  conductivity  mechanism  in  materials  which  show  extremely  high  dark 
conductivities.  In  systems  of  limited  dimensionality,  a  possible  mechanism  is  the  reversible  optical 
modification  of  the  Peierls  distorted  state  [2].  Apart  from  optically  induced  phase  transitions  one 
might  speculate  about  the  existence  of  higher  conduction  bands  in  molecular  solids  which  could 
contribute  to  very  fast  charge  transport  via  delocalized  electronic  states. 

EXPERIMENTAL 

Substrates  of  quartz  were  contacted  with  50  Ohm  stripline  technique.  Covering  these  subslrates 
partly  with  evapoiated  Cu,  films  of  DCNQI  salts  have  been  grown  by  submerging  the  substrates 
into  a  solution  of  the  corresponding  DCNQI  molecules  in  CHjCN.  This  technique  yields  films 
which  are  less  ordered  than  those  obtained  by  a  solid  state  dif^sion  reaction  applied  to  alkaline 
salts  [3J.  Figure  1  gives  a  top  view  onto  the  network  like  film  structure.  The  films  were  irradiated 
by  light  of  a  N2-laser  (337  ran,  5ns,  max.  ImJ)  and  the  changes  of  the  electrical  conductivity  were 
detected  by  a  fast  digital  storage  oscilloscope  (I  Gigasample/sec).  In  order  to  scope  with  the  low 
signal  levels  at  broad  band  detection,  a  differential  averaging  technique  was  applied. 


Figure  I 

Top  view  on  a  (DMe-DCNQl).,Cu  film  processed 
by  the  solution  technique.  Thickness  10  j<m. 
Dimensions  of  area  50  pm  x  70  pm 
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Figure  2 

^  Experimental  set-up  a),  and  equivalent 
circuit  b)  of  the  film  In  the  irradiated  area 
(shaded)  a  voltage  is  prtxluced  The  parallel 
resistance  is  only  heated  by  light.  The  two 
remainig  resistances  account  for  nut 
illuminated  material  and  (he  contacts. 

RESULTS  AND  DISCUSSION 

The  electric  signals  are  discussed  according  to  the  equivalent  circuit  of  fig.  2.  In  the  (DMe- 
DCNQ1)2Cu  films,  we  find  a  superposition  of  three  contributions.  The  fast  signal  is  not  yet 
resolved  (t<5  ns).  Figure  3  gives  an  example  of  the  signal  at  135  K  and  300  K.  Within  the  field 
strength  of  2  V/m  to  100  V/m  it  seems  to  be  independent  of  the  field.  While  its  origin  is  uncertain, 
the  fast  pulse  is  best  described  as  being  created  by  a  photovoltaic  source.  The  fast  response  and  the 
non-Ohmic  behaviour  raises  the  question  for  a  possible  contribution  of  higher  conduction  bands  or  a 
large  delocalisation  of  the  excited  electronic  states.  This  signal  is  also  detected  in  monocrystals  of 
(DMe-DCNQI)2Cu.  The  second  contribution  consists  of  a  tail  following  the  fast  signal  at  elevated 
temperatures  (see  fig.  3,  T  =  3()0K).  This  hints  at  the  depletion  of  shallow  traps  which  might  be 
localized  at  the  grain  boundaries  in  the  films.  The  third  contribution  is  slow  (fig.  3.  inset).  It  is 
ascribed 'to  the  thermal  heating  of  the  thin  film  sample  because  the  signal  shows  a  linear  increase 
with  the  electrical  field  and  its  amplitude  is  proportional  to  the  derivative  3o/3T  at  the 
corresponding  temperature. 

The  three  contributions  were  found  in  the  ClMe  and  BrMe  derivatives  of  the  salt  films,  as  well. 


a) 


b) 


-C3 


Figure  3 

Electrical  response  of  (DMe- 
DCNQI)2Cu  films  to  laser  irradiation 
at  X=337  nm,  pulsewidth  5  ns,  1 
mJ.  Electric  field  E=1.5  V/m.  At 
low  temperature  the  fast  signal 
cannot  be  resolved  i.e.  the  laser 
pulse  is  reproduced.  At  300  K  a  tail 
follows  the  fast  pulse.  This  is 
tentatively  assigned  to  the  detrapping 
of  charge  carriers.  The  inset  gives 
the  thermal  effect  as  detected  at 
E  =  100  V/m  at  T  =  300  K  (range  of 
metallic  conductivity). 
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Photo-induced  Tunneling  Spectroscopy  on  ReS2:  Dramatic  increase 
of  the  quantum  efficiency  by  chemical  treatment 

S.  Akari,  K.  Friemelt,  K.  Glockler,  M.  Ch.  Lwc-Sleiner,  E.  Bucher  and  K.  Dransfeld 
Fakultdt fur  Physik,  Universitdt  Konstanz,  W-77S0  Konstanz,  Germany 

In  this  work  we  present  a  systematic  study  of  the  local  photovoltaic  properties  of 
ReS2,  using  a  scanning  tunneling  microscope  (STM).  The  tunneling  junction  of  the 
STM  was  optically  illuminated  during  the  tuimeling  process.  The  phase  sensitive 
detected  photo-induced  tunneling  current  (PITC)  was  studied  as  a  function  of 
wavelength  and  surfiice  topography.  In  order  to  improve  the  performance  of  ReS2- 
solar  cells,  the  samples  were  treated  with  Nal/l2-  and  EDTA-solutions.  Relative  to  the 
untreated  sample,  the  EDTA-treated  samples  show  an  increase  in  the  photo-induced 
tunneling  current  by  a  &ctor  of  8-10  in  the  whole  spectral  range,  the  Nal/I-treated 
samples  by  2-3.  Two  dimensional  mapping  of  the  PITC  was  performed  on  an  atomic 
scale  and  compared  to  the  surface  topography. 
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FLUORESCENCE  OF  CATIONIC  DYES  IN  PHOSPHOLIPID  LANGMUIR 
BLODGETT  FILMS 


P  Ballet.  M  Van  der  Auweraer,  F  C  De  Schryver, 
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With  the  intention  of  studying  the  excitation  energy  transfer  process  in  organised 
Langmuir  Blodgett  films,  a  study  of  fluorescence  of  cationic  dyes  in  several  matrices  was 
initiated  to  use  them  in  a  later  stage  as  donor-  and  acceptor-probes  . 

In  literature  [1,2  ]  difficulties  in  making  Langmuir  Blodgett  films  from 
phospholipids  were  mentioned.  Phosphatidic  acids  appear  to  have  gc^  properties  to 
build  up  multilayers,  although  poor  deposition  of  phosphatidyl-cholines  and  - 
ethanolamines,  who  were  first  suggested  as  a  dilution  matrix  for  cationic  dyes,  was 
achieved.  In  practice,  monolayers  of  dipalmitoyl  phosphatidic  acid  spread  on  a  CaCl2 
water  subfase  could  be  transferred  consecutively  onto  a  quartz-substrate  In  the  case  of 
unsaturated  hydrocubon  chain  phosphatidic  acids,  double  alternated  films 
(AABBAABB...),  composed  of  dioleoyl  phosphatidic  acid  and  arachidic  acid  were  used  as 
a  dilution  matrix  for  cationic  dyes. 

Multilayers  of  0  5  -  5  mol%  of  N,N'-dioctadecyl  crystal  violet  [3  ,4. ,5. ,6  ],  diluted 
with  dipalmitoyl  phosphatidic  acid  were  prepared  using  the  Langmuir  Blodgett  technique 
Absorbance  and  fluorescence  excitation  spectra  show  an  absorption  band  at  585  nm 
together  with  a  shoulder  at  a  shorter  wavelenght  (540  nm).  These  splitting  of  the 
absorption  peak  can  be  caused  by  dye  aggregation  or  ground  state  absorption  into  two 
neighboring  excited  electronic  states.  In  the  concentration  range  studied,  the  relative 
intensity  of  the  band  at  585  nm,  compared  to  the  band  at  540  nm,  remains  constant  In 
comparison  with  arachidic  acid  as  a  dilution  matrix,  the  intensity  of  the  555  nm  band 
increases  at  the  expense  of  the  intensity  of  the  590  nm  absorption,  as  the  concentration  of 
N,N'-dioctadecyl  crystal  violet  increases  Time  resolved  fluorescence  measurements  of 
mixed  multilayer  films  of  N,N'-dioctadecyl  crystal  violet  and  dipalmitoyl  phosphatidic  acid 
can  be  analysed  as  a  two  exponential  decay  with  a  fast  component  lifetime  of  400  ps  and  a 
longer  living  component  of  14  ns,  indicating  that  two  species  are  present  in  the  film. 
These  experiments  indicate  that  N,N’-dioctadecyl  crystal  violet  can  be  used  as  a  suitable 
acceptor  for  energy  transfer  in  Langmuir  Blodgett  films. 
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Recently,  experiments  were  carried  out  [1]  in  order  to  reveal  the  sign  of  dominani 
phoiocarriers  in  a-Si:H  at  very  tow  temperatures  which  show  that  electrons  are  the 
dominant  photocarriers  in  the  n— type  and  holes  in  the  p-type  samples.  The  result  seems 
to  be  surprising  because  all  carriers  from  the  dopants  are  frozen  in  and  do  not  contribute 
to  the  photocurrent. 

Here  we  suggest  a  theory  of  low-temperature  hopping  photoconductivity  in  doped 
amorphous  semiconductors  and  show  that  the  observed  behaviour  can  be  interpreted  in 
the  framework  of  the  energy-loss  hopping  model  {2}  In  this  theory,  the  contribution  of 
carriers  to  the  photocurrent  is  determined  by  the  dipole  moment,  produced  by  the 
carriers  prior  to  their  nongeminate  recombination.  In  a  p-type  sample  an  elect ron 
recombines  with  the  nearest  hole  and  at  high  enough  doping  levels  it  does  not  coniriljuie 
much  to  the  photocurrent.  A  hole  hops  along  the  tail  states  until  a  new  electron  is 
generated  so  that  the  considered  hole  is  its  nearest  neighbour'  in  space.  Hence  holes  hop 
usually  to  much  higher  distances  than  electrons  in  p-type  samples,  which  explains  the 
observed  iisymnietry  in  the  contributions  of  holes  and  electrons  to  the  photocurrent  in 
doped  amorphous  semiconductors. 

1  il.Frifzsche.  .VI. Q. Tran,  B.-G.Voon,  f).-Z.Chi,  1991,  .I.Non-Crysi.. Solids.  137.  167, 

2  B.l.Shklovskii,  H.Fritzsche.  S.D.Baranovskii,  1989,  Phys. Rev. Lett.  62.  2989. 
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SECOND  ORDER  OPTICAL  NONLINEARITY  OF  ’TN-PLANE"  POLED 
POLYMER  FILMS  INDUCED  BY  CHARGE  INJECTION 


Gairv  Bericovic.  Rami  Cohen  and  Valeri  Krongauz 
Dept  of  Materials  and  Interfaces,  Weizmann  Institute  of  Science,  Rehovot  ISRAEL  76100 


Second  order  nonlinear  optical  properties  such  as  second  harmonic  generation  (SHG)  can  be 
induced  in  polymers  containing  hyperpolarizable  dyes  when  the  isotropic  symmetry  is 
broken,  such  as  by  the  application  of  electrostatic  fields  (poling).  This  is  usually  explained  in 
terms  of  dipolar  alignment  of  the  dye  molecules  along  the  field  direction. 

We  have  previously  reported  [  11  the  creation  of  asymmetry  and  second  order  nonlinearity  by 
a  different  mechanism  when  an  electric  field  is  applied  in  the  ”in-plane”  geometry  using  thin 
electrodes  (see  Figure  1).  The  strongest  nonlinearity  is  induced  perpendicular  to  the  applied 
field,  and  has  been  attributed  to  surface  charge  injection  during  poling,  followed  by  diffusion 
into  the  bulk  and  trapping  on  dye  molecules,  particularly  aggregates. 

Our  model  system  in  the  earlier  study  [  1  ]  was  polymethyl  methacrylate  (PMMA)  doped  with 
dimethyl  amino  niirostilbene  (DANS).  When  an  electrostatic  field  of  l(y*  V/cm  is  applied  in 
the  "in-plane"  geomeU7,  we  obtain  ^O)  jj,  excess  of  lO'*  esu  perpendicular  to  the  poling 
field.  This  is  more  than  an  order  of  magnitude  stronger  than  the  nonlinearity  parallel  to  the 
field.  We  now  report  that  in-plane  poling  of  DANS  in  other  commercially  available  polymeric 
matrices  (polycarbonates,  polysulfones,  poly  vinyl  chloride)  yields  similar  nonlinearities 
perpendicular  to  the  poling  direction.  These  polymer  hosts  exhibit  greatly  enhanced  temporal 
stability  of  the  nonlinearity  i.e.  the  decay  of  the  nonlinearity  after  poling  is  much  slower  than 
in  PMMA. 
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We  have  also  varied  the  amount  of  charge  in  jection  into  DANS/PMMA  by  varying  the  metal 
electrode  material,  and  the  conductivity  of  the  substrate.  Results  will  be  presented  showing 
how  the  perpendicular  nonlinearity  can  be  enhanced  or  diminished  by  the.se  means,  and  its 
correlation  with  the  charging  current  during  poling. 


[1]  S.  Yitzchaik,  G.  Berkovic  and  V.  Krongauz,  J.  Appl.  Phys.  211,  3949  (1991)  ; 
Nonlinear  Optics  in  press. 


Charge  Gradient  and 
Direction  of  strongest 
nonlinearity 


Figure  1.  Side  view  of  geometry  for  in-plane  f)oling.  Charge  injection  along 
the  substrate  surface  is  indicated  by  the  thick  arrow. 
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A  NEW  FLUORESCENCE  PROBE  FOR  NETWORK  FORMATION  WITH 
INTERESTING  NONLINEAR  OPTICAL  PROPERTIES.  [  1] 

Vera  BoUaert  and  Frans  C.  De  Schryver. 

Laboratory  for  Molecular  Dynamics  and  Spectroscopy,  K.U.  Leuven,  Celestijnenlaan 
200F,  B-3001  Heverlee,  Belgium. 

Jan  Jaap  H.  Nusselder. 

DSM  Research  Division.  P.O.  18,  6160  MD  Gdeen,  The  Netherlands. 

The  polymerisation  of  linear  polyimides  ,  ptdyurethanes  and  polyamides  and  the 
formation  of  q>oxy  networks  have  been  analysed  by  means  of  labelling  the  polymer  chain 
with  a  molecular  sensor  and  studying  changes  in  the  photochemical  and/or  photophysical 
behaviour  of  this  reactive  label.  This  technique  offers  the  possibility  to  distinguish  several 
intermediate  spedes  where  other  spectroscopic  techniques  such  as  IR  cannot.  We 
synthesised  two  triiunctional,  highly  symmetric  probes,  namely  tris(p- 
isocyanatophenyl)amine  (TIP A)  and  tris(p-isocynanatophenyI)benzeen  (TTTPB)  and  their 
1-butanol  adduct,  TUPA  and  TUTPB. 


NCO 


TIPA :  X=N 

TITPB :  X'l.J.S-phcnyl 


OCN 


NCO 


These  probes  be  used  to  study  the  kinetics  and  mechanisms  of  network  formation  of 
polyurethane  modelnet  works  and  the  mobility  of  the  crosslink  and  segments  where  TIPA 
and  TITPB  both  act  as  crosslinking  »te  and  as  chemical  sensor.  The  fluorescence 
intensity  changes  drasticly  upon  urethane  foimation.  TIPA  and  TITPB  do  not  show 
fluorescence  neither  in  apolar  nor  in  polar  solvents  but  upon  transformation  to  their 
urethane  derivative  a  drastic  change  in  the  fluorescence  is  observed.  In  addition,  tris(p- 
isocyanatophenyl)amine,  TUPA  tris(p-isocyanatophenyl)benzeen  and  TUTPB  show 
remarkable  high  third  order  susceptibilities  Incorporation  of  TIPA  or  TITPB  in  a 
modelnetwork  of  polyurethanes  will  allow  the  synthesis  of  nonlinear  optical 
thermoharders. 

[1]  V.  Bollaert,  F.C  De  Schryver,  P.  Tackx,  A.  Persoons,  J.J.H  Nusselder,  J.  Put,  Adv. 
Mater  1993,5{4),268 
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ORGANIC  MIXED  VALENCE  SYSTEMS  : 

INTER  VALENCE  TRANSITION  IN  PARTLY  OXIDISED  AROMATIC 

POLYAMINES. 


Jacques  Bonvoisinl.  Jean-Pierre  Launay^,  Mark  Van  der  Auweraer2, 
Franz  Carl  De  Schryver^. 

1  Molecular  Electronics  group,  CEMESA-OE  CNRS,  29  rue  Jeanne  Marvig, 
31055  Toulouse  Cedex,  France. 

2  Chemistry  Department,  Celestijnenlaan  200F,  3001  Heverlee,  Belgium 


Electron  transfer  is  a  subject  of  great  fundamental  importance, 
particularly  in  the  field  of  Molecular  Electronics.  It  is  indeed  crucial  to 
devise  molecules  allowing  an  intramolecular  electron  transfer  between 
at  least  two  redox  sites  linked  by  a  bridge  and  to  establish  rules 
allowing  the  prediction  and  mastery  of  the  electron  propagation  through 
this  bridge.  This  paper  is  expected  to  be  a  contribution  in  this  field. 


The  above  molecule,  noted  p-EFTP  has  been  studied  by 
electrochemistry,  UV-visible-near-IR  and  EPR  spectroscopy.  It  is  known 
for  its  photoconductive  (1)  and  luminescence  (2)  properties. 

The  cyclic  voltammetry  shows  a  unique  and  reversible  oxidation  wave. 
The  coulometry  unambiguously  shows  a  three  electron  process.  This  is 
explained  by  the  fact  that  the  oxidizable  sites  are  far  away  and  interact 
weakly  with  each  other. 
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Simultaneously,  the  oxidation  reaction  is  followed  by  UV-visible-near- 
IR  spectroscopy  which  shows  an  increase  and  a  decrease  of  a  weak  and 
wide  band  in  the  near-IR  area.  This  is  characteristic  of  intervalence 
transitions. 

From  the  variation  of  the  intervalence  absorption  bands  versus  the 
average  oxidation  state,  we  developed  an  original  analysis  from  which 
we  determined  the  two  comproportionation  constants  in  order  to  get  the 
corrected  spectra  of  the  mixed  valence  mono-  and  di-radicals  species. 
This  method  is  derived  from  the  one  applied  in  mixed  valence  dinuclear 
ruthenium  compounds  (3,4).  We  have  thus  extracted  the  shape  of  the 
intervalence  bands  through  deconvolution  for  both  mixed  valence 
radicals,  which  permits  an  evaluation  of  the  effective  intramolecular 
couplings  between  the  nitrogen  sites. 

EPR  can  also  be  recorded  during  the  oxidation  reaction.  This  technique 
should  provide  crucial  informations  on  the  electron  transfer  rate  and 
this  study  is  presently  in  progress. 

(1)  G.  Verbeek,  M.  Van  der  Auweraer,  F.C.  De  Schryver,  G.  Geelen,  D 
Terrell  and  S.  De  Meuter.  Chem.  Phys.  Letters  188,  1992,  85. 

(2)  G.  verbeek,  A.  Vaes,  M.  Van  der  Auweraer,  F.C.  De  Schryver.  C 
Geelen,  D.  Terrell  and  S.  De  Meuter.  Macromolecules  26,  1993,  472. 

(3)  J.-P.  Launay.  Mixed  Valency  Systems:  Applications  in  Chemistry, 
Physics  and  Biology,  K.  Prassides(ed.)  321-328,  1991,  Kluwer  Academic 
Publishers. 

(4)  J.-P.  Launay,  A.-C.  Ribou,  K.  Takahashi,  C.W.  Spangler.  Manuscript  in 
preparation. 
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SYNTHESIS  AND  ELECTRICAL  PROPERTIES  OF  A  NEW  MOLECULAR 
SEMICONDUCTOR;  THE  UNSYMMETRICAL LUTETIUM  PHTHALO- 
NAPHTHALOCYANINE 


Marcel  BOUVET  -  Jacques  SI  MON 
ES.P.C.l. 

Laboratoire  de  Chimie  et  Electruchimie  des  Matdnaux  Moleculaires 
10,  rue  Vauquelin  -  75231  PARIS  Cedex  05 


The  first  two  intrinsic  molecular  semiconductors  are  the  lutetium  bisphthalocyanine,  LuPc2. 
and  the  lithium  monophthalocyanine,  LiPc.  We  prepared  and  characterized  a  new  molecular 
semiconductor,  the  unsymmetncal  lutetium  phthalonaphihalocyamne  PcLuNPc. 


PcLuNPc  is  synthesized  from  2,3-dicyanonaphthalene  and  lutetium  monophthalocyanine 
LuPcOAc.  This  latter  is  obtained  from  orthodicyanobenzene  and  lutetium  acetate  Lu(OAc)3. 
PcLuNPc  is  charactenzed  by  mass  spectrometry,  optical  spectroscopy  and  elemental  analysis. 
Single  crystals  obtained  by  very  slow  evaporation  of  chloroform  solutions  have  been 
characterized. 

We  determined  the  redox  potentials  of  PcLuNPc  in  solution  (DMF/THF  50/50); 

E°J’  =  +0.08V,  E*^'  =  -0.39V  vs  ferrocene/fcrricinium.  Due  to  its  radical  nature,  this 
compound  is  easily  oxidized  and  reduced.  We  prepared  thin  films  by  sublimation  under 
vacuum  (P  =  10'^  torr).  A  conductivity  of  5.  lO'^  Q-*cm  *  has  been  measured  for  500  A  thick 
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films  deposited  on  gold  electrodes.  The  corresponding  thermal  activation  energy  is  equal  to 
0.48eV. 

Using  the  redox  potentials  of  the  different  molecular  units  A,  A+  et  A' ,  in  solution,  and  in  the 
solid  phase,  we  demonstrated  that  the  difference  between  the  first  oxidation  and  reduction 
potentials  are  in  all  cases  equal  to  the  thermal  activation  energy  of  conduction.  Expenmenial 
and  theoretical  results  are  in  good  agreement  for  PcLuNPc  (0.47  versus  0.48)  and  for  the 
other  compounds:  LiPc,  LuPc2.  These  values  are  equal  to  the  energies  of  the  intermolecular 
charge  transfer  transitions  Ejc  observed  in  the  near  infra-red  ( 1440  nm  for  PcLuNPc). 
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A  NEW  LB-FILM  FORMING  MOLECULE  CONTAINING 
BOTH  AN  ELECTRO-  AND  PHOTOACTIVE  PART 


Burfhard.  M.:  Roth,  S.  and  *Gdpel,  W. 

MPI  fiir  Festkorperforschung,  HeisenbergstraBe  1, 7000  Stuttgart  80,  Germany 
*  Institut  fiir  Physikatlsche  Chemie,  Auf  der  Morgenstelle,  7400  Tubingen,  Germany 

The  new  LB-flIm  forming  molecule  (see  structure  below)  has  been  synthesised  and  its 
monolayer  behaviour  at  the  alr/water-interface  studied.  We  succeeded  in  transferring 
the  monolayer  as  a  Y-type  LB  film  onto  a  variety  of  substrates.  Noteworthy,  is  that 
the  molecule  contains  a  relatively  short  alkyl  chain  and  two  (weakly)  hydrophilic 
groups  in  the  "hydrophobic"  part  of  the  moSecute. 

The  LB  films  have  been  characterised  by  UVA'is-  and  Fourier  transform  infrared 
spectroscopy  in  transmission  and  grazing  incidence  geometry.  Layer  thickness  was 
determined  by  surface  plasmon  resonance  experiments. 

The  molecule  contains  a  photo  reactive  azo-group,  which  is  capable  of  cis/trans- 
isomerization,  and  an  electroactive  disulphide  bridge,  which  can  be  cleaved  by 
electron  transfer  from  an  underlying  electrode  in  an  LB-film  monolayer. 
Consequently,  we  performed  cyclic  voltammetry-measurements  on  LB  monolayers 
before  and  after  photoisomerization  of  the  azo-group. 


o 


77 


EXCITED  STATE  PHENOMENA  IN  SOLID  STATE  FULLERENE 

H.J.  BYRNE,  W.  MASER,  M.  KAISER,  W.W.  RUHLE,  A.  MITTELBACH,  and  S.  ROTH 


Max-Planck-Institut  fUr  FestkOrperforschung,  Heisenbergstrasse  1,  7(XX)-StuUgart  80. 
Germany. 


ABSTRACT 

Time  resolved  photoluminescence  is  employed  as  a  probe  of  the  highly  excited  state  of 
fullerene  powders  and  crystals.  Above  a  threshold  input  intensity,  a  dramatic  increase  in  the 
lifetime  as  well  as  a  redshift  and  broadening  of  the  spectrum  is  observed.  The  luminescence 
intensity  is  seen  to  increase  with  the  cube  of  the  input  intensity.  The  phenomenon  is 
interpreted  as  an  abrupt  onset  of  emission  from  the  highly  populated  triplet  state  resulting 
from  a  banding  of  the  intramolecular  triplet  states,  a  process  which  is  dependent  on  a  critical 
excited  state  density.  Furthermore,  the  phenomenon  may  be  photoexcited  at  photon  energies 
which  lie  below  the  HOMO-LUMO  transition  energy,  under  which  conditions  an  intensity 
dependence  of  the  output  luminescence  on  input  to  the  sixth  power  is  observable.  Under  "off- 
resonant"  conditions  the  process  is  interpreted  as  a  two  photon  assisted  nonlinear  emission. 
This  transition  from  a  molecular  to  solid  state  behaviour  is  similarily  manifest  in  the  transport 
properties,  the  photocuirent  increasing  with  the  cube  of  the  input  intensity  above  the 
nonlinear  luminescence  threshold.  Whereas  at  low  intensities  the  temperature  dependence  of 
the  photoconductive  response  indicates  that  the  transport  processes  are  activated, 
characteristic  of  a  molecular  insulator  or  semiconductor,  the  photocurrent  is  almost 
temperature  independent  at  high  intensities,  indicative  of  a  metallic  behaviour. 
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ELECTRON  TRANSFER  REACTIONS  IN  FERROELECTRIC  POLYMERS 

Eric  Canel 

The  Rockefeller  University,  1230  York  Avenue,  New  York,  NY  10021 


A  model  for  an  electron  transfer  system  in  a  ferroelectric  is  developed.  The 
electron  transfer  system  is  assumed  to  consist  of  two  coupled  electronic  states 
interacting  with  a  ferroelectric  background  described  by  a  coniinous  order 
parameter.  Time  dependent  equations  describing  the  system  are  derived  and  it  is 
shown  that  for  sufficiently  large  dielectric  susceptibility  the  rate  of  transfer  is 
controlled  by  the  nature  ot  the  dielectric  fluctuations  of  the  dielectric.  Application 
of  the  theory  to  molecular  switches  are  discussed. 
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Conductivity  and  Photoconductivity  in  Nanosize  Conductors 


H.  Van  der  Auweraer.  C.  Catry.  F.C.  De  Schryver 
Chemistry  Department  K.U.  Leuven 
Celestl jnenlaan  200F  3001  Leuven  Belgium 


H.  Bengs,  o.  Karthaus,  L.  Haiissling,  H.Ringsdorf 
Institut  Fiir  Organische  Chemie,  Johannes  Gutenberg  Universitat 

Mainz 

J.J.  Becherweg  21,  6500  Mainz  B.R.D. 


Spreading  of  a  solution  of  monomers  and  polymers  of  hexa-alkoxytriphenyknes, 
which  form  bulk  discotic  mesophases^  on  a  Langmuir  trough  allows  to  obtain  stable 
monolayers.  By  successive  deposition  of  monolayers  it  is  possible  to  obtain  multilayers, 
with  a  thickness  between  2  and  200  nm  which  are  characterized  by  a  columnar  packing 
of  the  aromatic  moieties. 

When  the  Langmuir-Blodgett  films  are  deposited  on  interdigiting  electrodes  with 
a  spacing  of  100  ft,  it  is  possible  to  obtain  a  dark  current^'*  which  is  one  order  of 
magnitude  larger  for  the  polymer  compared  to  the  monomer.  Using  this  experimental 
configuration  the  controversy^'^  arising  for  the  conductivity  normal  to  Langmuir- 
Blodgett  films  can  be  avoided  The  dark  currents  are  proportional^  to  the  number  of 
layers  and  depend  in  a  superlinear  way  on  the  applied  electric  field.  While  doping  with 
iodine^  leads  to  an  enhancement  of  the  dark  current  addition  of  trinitrof1uorenone^~’<’ 
does  not  increase  the  dark  current 

Upon  illumination  with  ultraviolet  light  a  photocurrent  proportional  to  the 
applied  field  and  the  incident  light  intensity  can  be  observed.  The  action  spectrum  of  the 
photocurrent  corresponds  to  the  absorption  spectrum  of  the  Langmuir  Blodgett  films. 
The  photocurrent  is  enhanced  in  the  presence  of  oxygen.  Doping  the  Langmuir  Blodgett 
films  by  both  iodine  and  trinitrofluorenone  quenches  the  photocurrent  As  observed  for 
the  dark  current  the  photocurrent  is  an  order  of  magnitude  larger  for  the  polymer 
compared  to  the  monomer. 

A  similar  behaviour  is  observed  for  the  emission  spectra  of  the  Langmuir 
Blodgett  films  which  consist  for  the  monomer  of  a  structured  band  and  resemble  those 
of  a  dilute  solutioa  For  the  polymer  they  consist  mainly  of  a  bathochromic  structureless 
band  suggesting  efficient  excimer  or  dimer  formation. 
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HOLEBURNING  IN  THE  RESTRICTED  GEOMETRY  OF  MOLECULAR  SIEVES 

F.W.  Deeg,  M.  Ehrl,  HAV.  Kindervaier  and  C.  Brauchle 
Institut  fiir  Physikalische  Chemie,  Universitat  Munchen,  Germany 

Persistent  spectral  hole-burning  has  been  established  as  an  extremely  sensitive  tool  for  the 
investigation  of  chromophore-host  interactions  and  as  a  probe  of  dynamical  processes  in  the 
surrounding  environments  like  glasses,  crystals  and  surfaces  [1].  We  will  present  data  from  a 
variety  of  chromophores  encapsulated  in  molecular  sieves,  inorganic  crystalline  structures  like 
e.g.  aluminosilicates  (also  known  as  zeolites)  or  aluminophosphates  whose  main  characteristics 
is  a  well-defined  porous  structure  (cages,  channels  etc.)  on  an  A-lengthscale.  Fig.  la  shows  as 
an  example  the  so-called  AlPO^-S  structure  which  has  channels  with  an  inner  diameter  of  7.8 
A.  Molecular  sieves  constitute  an  ideal  system  for  the  study  of  molecular  dynamics  in  a  confi¬ 
ned  geometrical  environment  [2],  and  they  allow  the  isolation  and  stabilization  of  encapsulated 
chromophores  and  I  he  synthesis  of  supramolecuiar  structures. 

Early  investigations  have  shown  that  geometric  factors,  i.e.  molecular  size  and  form  with  re¬ 
spect  to  the  confining  void  play  a  decisive  role  in  the  mobility  and  dynamics  of  the  encapsulated 
chromophore  [3].  However,  for  the  molecules  investigated  so  far  (phenoxazines.  thiazines.  Zn- 
phthalocyanines  and  porphyrins)  persistent  spectral  hole-burning  is  only  possible  if  additional 
guest  molecules  like  ethanol,  water  or  chlorofo.m  are  incorporated  into  the  porous  structure. 
These  guest  molecules  form  an  amorphous  environment  within  the  pores  with  glassy  two-level 
systems  (TLSs)  which  are  the  base  of  a  photophysical  burning  mechanism.  Whereas  characteri¬ 
stics  of  the  spectral  holes  like  the  temperature  dependence  of  the  homogenous  linewidth  or  the 
refilling  of  the  hole  with  time  are  similar  for  the  molecular  sieve/solvent  and  the  bulk  solvent 
environment,  spectral  diffusion,  i.e.  broadening  of  the  hole  with  time  is  very  diflferent.  As  shown 
for  oxazine  1  in  Fig.  lb  the  broadening  in  bulk  ethanol  is  comparable  toother  glasses  investigated 
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Figure  1;  (a)Scheniatic  structure  of  the  alumioophospbate  AIPO4-5;  (b)  Temporal  evolution  of 
the  width  of  the  spectral  hole  for  oxazine  1  at  T  =  2  K  in  (i)  bulk  ethanol,  (ii)  AlPO^-S  with 
ethanol-filled  porous  channels,  (iii)  AlPO^-S  with  water-filled  porous  channels. 

[4],  However,  spectral  diffusion  is  negligible  for  the  solvents  in  the  molecular  sieve.  This  indicates 
that  the  long-range  interaction  with  the  TLSs  is  modified.  The  same  system  in  the  faujasite  type 
molecular  sieve  SlAllOO  which  has  pores  of  cage  geometry  has  exhibited  spectral  diffusion.  This 
demonstrates  that  not  only  the  reduction  of  the  number  of  TLSs  but  the  dimensionality  of  the 
glassy  environment  plays  a  dominant  role. 


The  encapsulated  metal-doped  phthalocyanins  and  porphyrins  exhibit  hole-burning  with  high 
quantum  yield  and  up  to  a  temperature  of  80  K.  However,  no  photon  gating  of  the  burning 
process  is  possible.  One  photon  is  enough  to  generate  the  spectral  hole  which  obviously  is  purely 
photophysical  and  not  due  to  the  elctron  transfer  reaction  found  in  polymer  matrices. 
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CONDITIONS  REQUIRED  TO  OBTAIN  HIGHLY  PHOTOACTIVE 
PHTHALOCYAN INES 

J ■ P ■ Dod«l«t . R . C6t6 . P . Ghosez*  and  L.Gastonguay 
IMRS  Energlc  et 

Matdrlaux, C. P* 1020, Varennes, Quebec, Canada, J3X1S2 . 
x-PCPM,l  Place  Croix  du  Sud,  B-1348  Louvain-la-Neuve, Belgique . 

The  nost  photoactive  phthalocyanines  (Pcs)  are  characterized  by 
an  extension  ,in  the  solid  state,  of  their  Q  band  absorption 
toward  the  near  infra  red  (NIR) .  It  is  the  case,  for  instance, 
of  the  X  polymeric  form  of  PcH,,  whose  structure  is  composed  of 
dimers.  It  is  also  the  case  of  a  trivalent  metallic 
phthalocyanine  like  ClGaPc  (characterized  by  a  slipped  stacked 
aggregation  of  the  molecules),  or  ClAlPc.  For  the  latter 
material,  a  NIR  absorption  can  be  generated  by  its  immersion  in 
acidic  solutions  containing  salts  li)ce  KCl,KBr  or  KI.  Anions  are 
able  to  penetrate  in  the  solid  structure  if  it  is  mostly 
amorphous . 

Another  Pc  able  to  display  NIR  absorption  is  oxotitanyl 
phthalocyanine  (OTiPc) ,  The  most  photoactive  films  of  this 
material  are  obtained  by  sublimation  on  SnO,  substrates 
maintained  at  temperatures  around  130'’c.  SEM  shows  that  they  are 
made  of  tightly  packed  platelets.  Diffraction  rings  obtained  by 
TEM  indicate  that  these  films  are  crystalline  (with  amorphous 
regions) .  Their  structure  is  triclinic. 
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X  NIR  absorption  is  hovavcr  not  tb«  only  condition  requirad  to 
obtain  highly  photoactive  films.  Indeed,  when  OTiPc  films 
displaying  the  same  absorption  spectrum  are  evaluated  under 
polychromatic  illumination  (35  mW/cm’)  ,  in  photoelectrochemical 
cells  with  Ij’  /!•  ,  short  circuit  photocurrents  J„,  ranging  from 
0.3  to  1.5  mX/cra^  are  obtained.  For  comparison  purposes.  The  best 
values  measured  in  the  same  conditions  for  NIR  absorbing 
ClXlFc  are  l.O  mX/cm^. 

The  large  range  of  J„  obtained  for  OTiPc  can  be  related  to  the 
sublimation  pressure  used  when  the  crude  material  was  purified 
by  repeated  sublimation  before  being  used  for  films  preparation. 
The  highest  photocurrents  are  obtained  for  the  lowest  pressiire 
(0.1-0.01  Torr) ,  Besides  the  presence  of  a  NIK  absorption,  an 
appropriate  Interaction  of  OTiPc  with  oxygen  is,  therefore,  also 
essential  for  high  photoactivities,  such  an  effect  of  the 
sublimation  conditions  is  not  found  with  ClXlFc.  the  oxygen 
content  of  the  latter  material  has  been  estimated  on  the  basis 
of  the  incorporation  of  anions  in  the  material.  It  can  be  as 
high  as  l  oxygen  molecule  per  2  phthalocyanlnes . 
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Influence  of  the  molecular  organisation  on  the  photophysiral 
properties:  experimental  and  theoretical  study  of 
triarylpyryliuin  salts 
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ESPCl-CNRS  URA  429, 10,  rue  Vauquelin,  75231  Paris,  France 

The  photophysical  properties  of  organized  molecular  systems  (OMS)  arc  very  often 
very  difKrent  of  the  corresponding  "isolated"  molecules.  In  the  case  of  J  or  H  aggregates 
it  is  well  established  that  coherent  excitation  takes  place  leading  to  the  formation  of 
delocalized  states.  The  same  description  is  also  valid  for  molecular  crystals  at  low 
temperature.  However,  most  of  the  OMS  examined  at  room  temperature  (Langmuir- 
Blodgett  films,  liquid  crystals,  aggregates  in  solution..)  exhibit  only  partial  order. 
Moreover,  at  this  temperature,  the  thermal  fluctuations  arc  larger  than  the  intermolccuar 
interactions  leading  to  energy  locali.satioti. 

We  have  devclopped  a  methodology  concerning  the  study  of  such  systems  using  as 
an  example  a  homologous  series  of  triarylpyryliuin  salts.  These  compounds  are 
particularly  suitable  for  experitnental  work  since  they  can  form  various  types  of  moleculitr 
arrangements;  aggregates  of  different  sizes  in  solution’,  columnar  liquid  crystals^, 
Langmuir-Blodgett  films  with  a  nematic  discotic  order^.  The  steady  state  and  time- 
rc.solved  spectra  reccorded  for  all  these  systems,  .show  a  strong  spectral  diffusion  of  the 
fluorescence,  proving  the  existence  of  emissive  sites  with  different  energy'-'*. 

In  order  to  elucidate  the  origin  of  the  spectral  diffusion  we  have  undertaken  a 
theoretical  study.  First,  we  liave  determined  the  electronic  structure  of  the  "isolated" 
chromophore.  Then,  taking  into  account  the  charge  distribution  within  each 
chromophore,  we  have  studied  the  excited  states  of  the  organized  assemblies.  We  have 
determined  the  influence  of  the  structure  (relative  position  of  the  chromophorcs,  position 
of  the  counter-ions...)  on  the  excitation  energy  (diagonal  and  off-diagonal  in  an  cxcitonic 
model)  and  its  consequences  on  the  transition  moments  and  the  localisation  behaviour  of 
the  excitation. 

Such  an  approach  brings  a  better  insight  in  the  understanding  of  the  energy  migration 
processes  in  columnar  phases  and  provides  selection  rule.s  for  the  elaboration  of  efficient 
energy  guides  for  molecular  electronics.*. 
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SlM-INVESTIGATICai  Ca«  HETEROEPITAXIALLY  GROWN  OVER¬ 
LAYERS  OF  CU-PHTHALOCYANINE  ON  AU (111) -SURFACES 
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A  detailed  investigation  of  the  initial  growth  structure  of 
ultrathin  films  is  essential  to  the  understanding  of  the 
growth  mechanism  and  heterogeneous  interface  formation  between 
layers  of  different  materials.  Molecular  beam  epitaxy  (MBE) 
has  long  been  successful  in  exploring  such  problems,  especial¬ 
ly  in  the  field  of  inorganic  semiconductors.  Since  the  first 
organic  molecular  beam  epitaxy  (OMBE)  was  performed  with  in 
situ  reflection  high  energy  diffraction  (RHEED)  during  the 
film  growth  of  copper  phthalocyanine  (CuPc)  monolayers  on  MoS 
[1],  considerably  interest  has  been  centred  on  developing  OMBE 
techniques  for  the  controlled  growth  of  organic  assemblies  at 
molecular  length  scales  [e.g.:  2,3].  More  recently,  scanning 
tunnelling  microscopy  (STM)  has  opened  up  an  entirely  new  ap¬ 
proach  to  the  study  of  organic  molecular  systems.  Actually, 
there  has  been  strong  interest  of  the  combination  of  diffrac¬ 
tion  methods  with  real  space  imaging  of  STM. 

In  our  experiments  we  introduced  in  situ-prepared  Audlli- 
surfaces  as  a  substrate  for  OMBE  studies  and  here  we  report 
the  first  real  images  of  a  heteroepitaxiall y  grown  organic 
thin  film  on  gold.  The  artificial  lattice  structure  of  the  or¬ 
ganic  film,  being  different  from  those  in  bulk,  is  commensur¬ 
able  with  the  Au  ( 1 11 ) -surface  as  revealed  by  both  STM  and  in 
situ  RHEED  investigations. 

The  heteroepitaxial  growth  of  copper-phthalocyanine  (CuPc) 
monolayers  was  carried  out  in  an  UHV-OMBE  system  with  a  base 
pressure  better  than  3x10"'  torr  (2x10’’  torr  during  deposi¬ 
tion,  resp.).  Prior  to  the  deposition  of  the  CuPc,  epitaxially 
grown  Au  layers  were  prepared  on  freshly  cleaved  mica,  showing 
a  flat  and  almost  perfect  surface  with  the  typical  triangular 
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facets  of  growing  (llOJ -lines  in  a  larger  scale  or  hexagonal 
alignment  of  the  Au  atoms  at  atomic  resolution. 

The  STM  system  used  in  this  study  was  a  commercially  available 
NanoScope  II  (Digital  Instruments  Inc.,  Santa  Barbara,  USA,-.  A 
sharp  platinum/iridium  tip  was  scanned  over  the  sample  in  air. 
All  images  were  obtained  in  the  constant  current  mode.  The 
CuPc  monolayer  (fig.  1,  2)  exhibits  a  nearly  square  lattice 
with  a  lattice  angle  of  9+5  degrees  and  a  lattice  constant  of 
about  14.9±0.5  A.  Furthermore,  directions  of  ail  the 
four-leaf-like  parts  are  ordered  in  a  parallel  fashion  to  each 
other  and  inclined  at  an  angle  of  approx,  j'j  degrees.  It 
should  be  noted  that  fig.  2  shows  unusual  contrast,  i.e.,  the 
molecules  appear  dark  on  a  bright  Au  layer. 


fig.  1;  CuPc-monolayer  on  Au 

-  area  9x9  nm' 

-  bias  50  mV 

-  current  7.7  nA 


fig.  2:  CuPc-mono layer  or.  Au 

-  area  4. 5x4. 5  nm 

-  bias  50  mV 

-  current  20.7  nA 
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THE  STUDY  OF  PROPERTIES  OF  ORGANIC  BULK  MATERIALS  BASED 
ON  THE  NEW  KNOWLEDGE  OF  THEIR  RADIOLUMINESCENCE  MECHANISM 

N. Z.  Galunov 

Institute  for  Single  Crystals,  Kharkov,  Ukraine. 

The  radioluminescence  phenomenon  usually  was  studied  only  as  an 
aim  of  scientific  or  technical  (certification  of  scintillation 
detector,  for  example)  investigation.  The  material  discussed 
allows  not  only  to  enunciate  the  radioluminescence  theory  of 
organic  molecular  solids,  but  to  consider  the  radioluminescence 
study  as  the  new  method  for  investigation  of  structure  features 
of  organic  bulk  materials  and  the  process  of  the  charge 
transport  in  them  as  well  [1,21. 

The  analysis  of  the  experimental  data  on  radioluminescence 
spectra,  light  yield  and  fast  component  pulse  shape  for  organic 
molecular  crystals,  plastic  and  liquid  scintillators  shows  that 
for  organic  solids  the  localization  of  charge  carriers  on 
shallow  traps  (<0.2  eV3  of  polarization  origin  results  in  the 
additional  delay  of  their  recombination,  hence  of  molecular 
excitation,  and  consequently  results  in  additional  delay  of  a 
photon  emission.  This  delay  is  described  by  the  Gaussian 
function  owing  to  the  statistical  nature  of  the  processes 
discussed.  The  duration  of  these  processes  is  by  more  than  an 
order  of  magnitude  greater  than  the  duration  of  the  electron 
excitation  energy  transfer.  Thus  the  investigation  of  the 
scintillation  pulse  fast  component  rise  gives  the  information 
about  the  system  of  charge  carrier  shallow  traps.  The  existing 
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radio! uminescence  theory  based  on  the  principles  which  iqnore 
such  effects.  The  description  of  the  radioluminescence 
excitation  mechanism  for  organic  condensed  matter  is  presented. 

The  origin  of  the  charge  carriers  or  exciton  trap  is  caused  by 
structural  features  of  organic  molecular  solid.  The  results  of 
the  investigation  discussed  allow  to  judge  such  features. 

1.  Budakovsky  S. V. ,  Galunov  N. Z. ,  Krainov  I.P.  Mol. Cryst. 
Liq.Crvst.  186,  151  C1990). 

2.  Galunov  N.  Z.  In  Abstr.  European  Conference  on  Molecular 
Electronics.  Padua,  Italy,  August  24-28,  1992. 
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THE  RADIOLUMINESCENCE  EXCITATION  MECHANISM  FOR  AN  ORGANIC 

BULK  MATERIALS. 

N. Z.  Galunov.  N. I.Shishov 
Institute  for  Single  Crystals,  Kharkov,  Ukraine. 

The  new  estimates  for  a  cross-section  radius  of  regions  of  the 
high  density  of  activation  in  organic  scintillators  been  made 
using  the  experimental  data.  It  allows  to  revise  the 
present-day  knowledge  of  a  charge  density  distribution  in  such 
regions.  In  contrast  with  existing  theory  it  is  in  a  good 
agreement  with  the  present-day  results  for  organic  tracking 
detectors. 

The  investigation  of  organic  single  crystals  and  cross  - 
linking  copolymers  shows  that  the  intensity  and  shape  of  their 
radioluminescence  pulse  slow  component  correlate  with  structure 
perfection  of  the  crystal  studied  or  dimension  of  a  mean 
cross-linking  area  of  the  polymer.  The  radioluminescence 
technique  allows  to  estimate  dimensions  of  the  mean 
cross-linking  area  (>  50  nm)  by  the  choice  of  radiation  source, 
as  well  as  to  detect  the  presence  of  deep  traps  of  charge 
carriers  (>  1.0  eV)  formed  at  aggregations  and  ensembles  of 
dislocations.  The  measurements  of  the  shape  of  the 
radioluminescence  pulse  slow  component  allow  to  investigate  the 
features  of  charge  transfer  process  in  the  high  activation 
density  regions  of  a  bulk  material  studied. 
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X  -  RAY  -  EXCITED  PHOTOCURRENT  OF  ANTHRACENE  CRYSTAL 

•  «  •  •  •  •  • 

J.  GodlewsLi.  R.Slgnerski,  J. Kal inowski  ,  S.Stizia  and  M.Berretoni 
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Dipartimento  di  Materaatlca  e  Fisica.  Universlta  di  Cameriiio, 

60123  Camerlno,  Italy. 

1. INTRODUCTION 

Mechanism  of  charge  carriers  generation  by  x-rays  in  anthracene  crystal 
has  been  studied  by  several  authors  leg.l,2.3|.  In  paper  Ill  it  has  been 
shown  that  the  amount  of  generated  charge  carriers  is  independent  of 
temperature,  what  is  in  discrepancy  with  Onsager  model  15],  However,  Hughes 
showed  that  mechanism  of  charge  carrier  separation  follows  the  Onsager 
model  [41.  The  purpose  of  this  communication  is  farther  analysis  of 
mechanisms  of  charge  carriers  production  in  bulk  and  on  electrodes  of 
anthracene  crystals. 

2. EXPERIMENTAL  DATA 

Experimental  d  .  '  .  lere  obtained  on  thin  anthracene  crystals  with 
evaporated  metallic  electrodes  with  a  steady-state  x-ray  source.  Our 
experimental  data  Include:  (1)  an  efficiency  of  charge  carrier  generation, 
(11)  current-electric  field  characteristics  and  (ill)  photoinjection  of 
charge  carriers  from  metallic  electrode  to  anthracene  crystal.  Efficiency  of 
charge  carriers  generation  Is  practically  independent  of  energy  within  7  keV 
to  12  keV  range.  Current-electric  field  characteristics  (Fig. 1)  seem  to 
follow  the  Onsager  model  [4.51  but  with  a  slope  dependent  of  x-ray  flux. 

This  work  supported  in  part  by  KBN  under  Program  Nr  20'}599101 
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Fig.l. 

Current-electric  field  characteristics 
for  x-ray  generated  charge  carriers  in 
anthracene  crystal.  Total  spectrum  of 
lamp  for  different  currents  (  a-lOma, 
b-33mA,  c-lOOm.A)  was  used.  Lamp  voltage 
U=15kV.  Crystal  thickness  d=40pm.  Gold 
electrodes  in  sandwich  system. 


The  spectral  dependence  of  quantum  efficiency  of  photogeneration  (P'ig.2) 


near  the  strong  change  of  electrode  absorption  (K^  line  for  copper)  shows 
the  step  Increase  caused  by  photolnject Ion  from  electrode. 


a 9 ‘.-o  <9  05  9  10 

>n  Kutfiiy  '  , 


Fig. 2. 

Spectral  'dependence  of  quantum 
efficiency  of  photogeneration. 
Crystal  thickness  d=120pm  and 
voltage  50V. 


3. CONCLUSIONS 

Our  data  and  their  analysis  show  that  Onsager  model  is  not  applicable  to 
describe  the  separation  of  charge  carriers  by  x-rays.  The  data  Indicate  also 
that  some  part  of  photocurrent  is  a  result  of  photoinjection  from  electrode. 
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A  STUDY  OF  THE  CHARGED  EXCITATIONS  IN  THIN  FILMS  OF  THIOPHENE 
OLIGOMERS  BY  VOLTAGE-MODULATION  SPECTROSCOPY  AND 
PHOTOIMPEDANCE  MEASUREMENTS 


M.  G.  HARRISON*.  R.  H.  FRIEND*,  F.  GARNlERt,  A.YASSARt  and  G.  HOROWITZt 
*  Cavendish  Laboratory,  Madingley  Road,  CAMBRIDGE,  UK  CB3  OHE 
t  Laboratoire  des  Materiaux  Moleculaires  /  C.  N,  R.  S  ,  2  rue  Henri-Dunant,  94320 

THIAIS,  France 


We  have  fabricated  metal-insulator-semiconductor  (MIS)  structures,  in  which  a  thin 
evaporated  film  of  the  thiophene  hexamer,  a-sexithienylene  (a-6T)  acts  as  the 
semiconductor  layer.  The  charged  states  of  the  oligomer  are  studied  by  voltage- 
modulation  spectroscopy,  as  described  previously  [1,  2).  The  voltage-modulation 
spectrum  clearly  shows  features  at  0,b-0.8eV  and  1.5-1  7eV,  in  agreement  with  the 
spectra  of  dilute  solutions  of  chemicallv-doped  oligomers  of  sexithiophcne,  [3,  4,  5,  6, 
7)  where  they  have  been  assigned  to  transitions  of  the  radical  cation.  We  also 
observe  electro-absorption  close  to  the  HOMO-LL'MO  transition.  For  the  charged 
excitations,  there  is  good  correlation  between  the  voltage-modulation  spectrunr  and 
that  obtained  by  the  novel  technique  of  photo-impedance  spectroscopy. 


Fig.  1  Voltage-modulated  transmission  spectrum 
of  an  a-sexithiophene  MIS  device 


Fig.  2  Voltage-modulation 

experiment  -  schematic 
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VOLTAGE  MODULATION  SPECTROSCOPY 

By  applying  a  sinusoidal  AC  electric  field  to  the  gate  contact  of  the  MIS  structure,  the 
concentration  of  field-induced  charge  within  the  device  may  be  modulated  and  the 
corresponding  change  in  absorption  detected  using  a  lock-in  amplifier  referenced  to 
the  modulation  frequency  of  the  applied  electric  field. 


PHOTOIMPEDANCE  SPECTROSCOPY 

The  charged  states  can  also  be  detected  by  the  novel  technique  of  photo-impedance 
spectroscopy,  whereby  a  change  in  the  electrical  properties  of  the  device  (capacitance 
and  conductance)  is  detected  in  response  to  optical  population  and  depopulation  of 
charged  states  as  the  wavelength  of  the  light  incident  on  the  sample  is  varied 
throughout  the  spectral  range  (IR-visible-UV).  To  the  best  of  our  knowledge,  this 
technique  has  not  previously  been  applied  to  the  study  of  intra-gap  charged  states  of 
conjugated  polymers  ard  oligomers,  although  pliuioimpedance  measurements  on 
GaAs  and  CdSe  [8,  9]  have  yielded  further  insight  into  the  nature  of  states  which  lie 
deep  within  the  band-gap  of  inorganic  semiconductors. 
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Liquid  Crystals  as  the  "fourth  state  of  matter" ,  combine  within 
themselves  the  order  of  a  crystal  and  the  mobility  of  a 
disordered  liquid.  Since  their  discovery  more  than  hundred  years 
aqo[l],  they  h«ve  developed  from  a  lab  curiosity  to  a  well  known 
and  studied  system,  yet  today  they  are  most  famous  for  their  use 
in  display  technoloqy.  Prom  a  scientific  viewpoint  however, 
liquid  crystals  offer  far  more  opportunities  in  many  different 
fields,  e.g.  high  performance  polymers,  materials  for  optical 
information  storage  and  processing,  etc.f2].  In  energy  transfer 
studies  however,  until  now,  there  are  very  little  studies 
employing  liquid  crystals  as  a  matrix  or  as  anisotropic  media[3}. 

Combining  the  self  organizing  properties  of  electron  rich,  disc> 
or  rod-  like  molecules  with  their  photophysical  behaviour  in 
thermotropic  liquid  crystals  either  in  bulk  or  at  the  air  water 
Interface  it  was  shown [3,4],  that  these  arrangements  yield  rather 
high  charge  carrier  mobilities  (lx  10'*  cmVVs)  in  the  organized 
mesophase,  whereas  the  pbotoconducitivity  drops  to  low  values  in 
the  crystalline  phase  as  well  as  in  the  isotropic  melt. 
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This  behaviour  was  observed  and  studied  systematically  for  both 
types  of  liquid  crystal  systems,  rigid  rod  (calanitlc)  and  flat 
disc-  like  (discotic)  molecules,  as  shown  below. 


Fig  .1 ;  Photocuirent  vs  Temperature  tor  te  heM^jentytaxy-ttpherrylene  and  4-alkylphenyl-4'aJkoxy- 
phenytthiadiazol 
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The  crystal  structure  of  l,6-bis(2.4-dinitrophenoxy)-2,4-he>;adiyne  (DNP)  is  centrosym- 
metric  (monoclinic.  space  group  P2|/n.  /  =  2).  The  electric  dipole  moments  of  the  dini- 
trophenoxy  substituent  groups  R  in  the  disubstituted  molecule  R-r  =  r-C'HC-R  are  com¬ 
pensated  antiferroelectricalK  due  to  the  molecule  center  of  symmetry  [  I], 

In  single  crystals  of  DNP  the  indicatrix  orientation,  the  optic  axes  angle,  the  birefrin¬ 
gence.  and  the  absorption  tensor  were  measured  in  the  VIS  and  NIR  spectral  range.  The 
optic  normal  Y  (intermediate  polarizability )  is  found  parallel  to  the  b  crystallogrtiphic 
axis.  i.e.  the  optic  axial  plane  coincides  with  the  symmetry  plane  (OH)).  The  optic  direc¬ 
tion  Z  (maximum  polarizability)  is  acute  bisectrix.  The  angle  between  a  axis  and  /,  is 
about  110  (into  obtuse  B).  The  bisectrix  dispersion  is  small  (=  10  ).  But  a  strong  disper¬ 
sion  of  the  optic  axes  angle  2V/  was  measured:  in  violet  light  the  angle  2V/  is  about  100 
(optical  sign  negatixe).  Cioing  to  larger  wavelengths  the  angle  decreases  (optical  sign 
positive)  and  becomes  zero  in  red  light,  i.e.  the  crystal  changes  from  biaxial  to  uniaxial. 

E'.xamination  of  the  crystal  structure  sh(nvs  that  the  indicatrix  orientation  is  governed  by 
the  orientation  of  the  R  groups.  I  urthermorc  the  polarizability  of  hydrogen  bridged 
intermolecular  C-O  contacts  must  be  involved.  The  optic  direction  Z  is  found  approxi¬ 
mately  parallel  to  the  directions  of  these  contacts.  Calculations  of  the  polarizabilities 
confirm  this  behaviour. 


[  1  ]  H.  Winter.  E.  Dormann,  .M.  Bertault,  and  E..  Toupet.  Phys.  Rev.  46  B.  8().‘'7  ( I W2) 
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CONDENSED  STATES  AND  OPTICAL  PROPERTIES  OF  THE  DENSELY  DISSOLVED 
ORGANIC  COMPOUNDS  IN  POLYMER  MATRICES  BY  COPRECIPITATION 
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In  recent  years,  optical  properties  of  associated  molecules,  such  as  J-  and 
H-aggregates,  have  been  widely  Investigated  because  the  localized  electronic 
states  In  aggregates,  typically  known  as  molecular  exclton,  exhibit  inter¬ 
esting  phenomena. ( I]  Such  Investigation  has  also  been  stimulated  by  a 
measurement  that  analyzes  the  ultrafast  response  to  Incident  light. (2)  The 
condensed  states  of  these  molecular  systems  may  be  estimated  by  analyzing 
spectroscopic  data. 13)  For  elucidating  the  relation  between  condensed 
states  and  optical  properties  of  molecular  aggregates,  fabrication  and 
characterization  of  3,3'-DIethyloxadlcarbocyanlne  Iodide  (DODCI)  dissolved 
polymer  film  are  carried  out. 

DODCI  dissolved  polymer  (e.g.  polyCmethyl  methacrylate) (PMMA) )  powder  is 
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foraed  by  coproclpltat ion  aethod.  In  which  acetone  solution  of  DODCl  and  the 
polymer  is  quickly  injected  Into  a  poor  solvent  (e.g.  n-huxane).  The  ob¬ 
tained  polymer  powder  is  dried  under  vacuum  (5x10'^  Pa)  for  more  than  2  days 
at  Just  bellow  a  glass  transition  temperature  of  the  polymer.  Thin  film  is 
formed  from  the  powder  by  hot-press  method.  14,5]  Condensed  statics  of  the 
film  are  analyzed  by  ^H-  and  spectroscopy  and  small  angle  X-ray 

scattering.  Optical  properties  {absorption,  emission  and  emission  lifetime) 
of  the  film  are  measured  by  using  a  spectrophotometc.  and  a  time-correlated 
single  photon  counting  method  with  a  synchronously  pumped  picosecond  dye- 
laser  /  mode-locked  NdtYAG  laser  system.  The  emission  lifetime  of  DODCl 
dissolved  PMMA  film  showed  double  exponential  decay  with  increased  DODCl 
contents,  which  indicates  the  existence  of  condensation  of  DODCl  molee-ules. 

Another  method  for  making  a  DODCl  contained  thin  film  is  performed  under 
high  vacuum.  An  organic  solvent  (e.g.  acetotu;)  dissolving  both  DODCl  and 
polymer  is  sprayed  directly  from  liquid  phase  Into  the  vacuum  charabi-r 
through  a  modified  needle  valve.  The  solution  produces  mists  through  the 
valve,  and  the  carrier  solvent  in  mists  evaporated  very  quickly  on  adhering 
to  a  temperature-controlled  substrate.  Thin  film  formation  is  done  by  the 
same  method  mentioned  above. 

(11  Schraltt-Rink,S.  et  al . :Phys. Rev. . 1985, B32.6601 . 

|2|  Tani.T.et  al . tJ.Phys.Chem. , 1992.96,2778. 

[3]  lierz.A.et  al.tln  Adsorption  from  Aqueous  Solution:  Advances  in  Chemistry 
79 ; Gould, R.F. ,Ed. ; American  Chemical  Society: Washington, DC, ]968:pl73 

[4]  Hiraga.T.  et  al .  Chem. Lett .. 1990.2255. 

[5]  Hiraga.T.  et  al.  Jpn.J.Appl .Phys. ,1993,32,ln  press. 
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TEMPERATURE  AND  FIELD  DEPENDENCE  OF  HOLE  TRANSPORT  IN  CHLORO- 
ALUMINUM  PHTHALOCYANINE  DETERMINED  BY  TIME  OF  FLIGHT 

MEASUREMENTS 
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Using  the  time  of  flight  technique  described  previously  11],  drift  mobility  measurements  were 
performed  on  the  p-type  semiconductor  chloro-aluminum  phthaliK'yanine  (ClAlPc).  The  field 
dependence  of  hole  mobilities  was  examined  at  different  temperatures,  and  the  resulLs  were  found 
to  be  interpretable  within  the  context  of  the  disorder  formalism  developed  by  Bassler  and 
Coworkers  (2-5|.  In  the  region  of  low  applied  fields  the  mobilities  are  seen  to  first  decrea.se 
with  increasing  field,  for  all  temperatures  in  the  range  studied.  The  mobility  then  reaches  a 
distinct  minimum  at  intermediate  fields  which  is  followed  by  an  increase  at  higher  fields.  The 
high  field  behavior  for  ail  temperatures  studied  shows  a  linear  dependence  of  In  p  vs  E''^  the 
slope  of  which  decreases  with  increasing  temperature  with  values  ranging  from  8x10  ’  (cm/V)''- 
at  275  K  to  5x10  ’  (cmA')''^  at  330  K.  Mobilities  at  all  applied  fields  were  found  to  increase  with 
rising  temperatures  showing  a  linear  dependence  of  In  p  vs  T^.  At  each  temperature, 
measurements  were  taken  for  applied  fields  ranging  from  2.5x10*  V  cm  ‘  to  1.6x10'  V  cm  '.  The 


KX) 

mobilities  at  the  highest  applied  field  ranged  from  4,4xl(l'  cm'  V  '  s  '  at  275  K  to  1.1x10^  cm’ 
V  '  s  '  at  330  K. 

In  view  of  the  apparent  consistency  of  this  systems  behavio;  ith  that  predicted  by  the  disorder 
formalism,  the  relevant  constants  were  calculated  and  their  relationships  examined  to  better 
determine  the  existing  correlation  with  the  proposed  model.  From  p  (E=())  =  p„  exp  )’  and 
the  appropriate  plot,  the  values  for  p„  and  To  are  2.5x10’  cm"  V  '  s'  and  777  K,  respectively. 
This  yields  a  distribution  width  a  of  0.1  eV  and  corresponding  a  values  varying  from  3.5  to  4.25 
within  the  temperature  range  .studied.  Finally  the  parameter  related  to  off-diagonal  disorder,  1, 
was  determined  to  be  1.73.  All  of  these  re.sults  are  .self-consistent  within  the  di.sorder  formalism 
and  tend  to  support  its  application  to  describe  charge  transport  in  ClAIPc  films. 
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ANALYTICAL  DESCRIPTION  OF  EXTERNAL-FIELD  EFFECTS  ON 
PERSISTENT-HOLE  SPECTRA  IN  DISORDERED  MATERIALS 
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The  technique  of  persistent  spectral  hole  burning  is  very  well  suited  for  studying  the 
effects  of  small  external  perturbations  such  as  pressure  or  electric  fields  on  amorphous 
dye-matrix  systems  under  near-equilibrium  conditions.  A  few  years  ago,  a  stochastic 
theory  of  dye-matrix  interaction,  which  had  originally  been  used  for  modelling  inho¬ 
mogeneous  absorption  bands  [1],  was  extended  to  describe  the  effects  of  hydrostatic 
pressure  on  persistent-hole  spectra  [2J.  Within  the  so-called  Gaussian  approximation, 
which  is  valid  if  the  density  of  the  matrix  molecules  is  sufficiently  high,  the  theory  yields 
analytical  results  and  predicts  the  pressure  shift  parameter  of  a  hole  to  vary  linearly 
with  optical  frequency  within  the  inhomogeneous  absorption  band.  The  pressure  broad¬ 
ening,  on  the  other  hand,  is  calculated  to  have  the  same  value  for  all  frequencies,  in 
contrast  to  experimental  findings  [3j. 

In  the  present  paper,  the  theory  is  extended  further  to  describe  also  the  wavelength 
dependence  of  the  broadening  parameter.  In  this  way,  a  general  analytical  framework 
is  obtauned  which  can  be  applied  to  external  perturbations  of  any  kind.  Moreover,  the 
results  are  generalized  to  take  correlation  efl^-cts  [4]  between  the  matrix  units  into  ac¬ 
count  which  are  always  present,  even  in  totally  amorphous  systems,  and  consist  at  least 
in  the  fact  that  two  molecules  cannot  be  located  at  the  same  position.  The  calculation 
predicts  a  Gaussian  shape  of  the  kernel  describing  the  effects  of  the  perturbation  and 
yields  detailed  results  for  the  dependences  of  both  its  maximum  position  and  width  on 
the  interaction  potentials  between  dye  and  matrix  molecules,  the  density  of  the  matrix 
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units  and  the  optical  frequency  within  the  absorption  band  (see  Figure  I  I. 
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Figure  1;  Distribution  of  the  pressure  shift  i\Uj,/Ap  of  molecular  ab¬ 
sorption  lines  for  the  amorphous  system  free-base  phthalocyanine  in  po- 
ly(styrene).  Each  profile  corresponds  to  a  certain  frequency  position  ^  within 
the  inhomogeneous  band. 

The  analytical  results  are  compared  to  numerical  calculations  J5]  for  the  special  case  of 
hydrostatic  pressure. 
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PHOTOCONDUCTIVE  PROPERTIES  OF 
PHTHALOCYANINATO-POLY(SILOXANE)  LANGMUIR- 
BLODGETT  FILMS 


L.Kalvoda.  R.Back,  D.  Neher 

Max  Planck-Institut  fiir  Polymerforschung,  Ackentiannwet 
W-6500  Mainz,  FRG 


The  photoconductive  properties  of  organic  materials  have  been  investigatr  J  with  respect  to 
many  applications  including  solar  cells  and  photo  detectors  Phthalocyanine  compounds 
have  been  widely  studied  in  this  regard  and  high  photogenerai’on  quantum  yields  have  been 
observed  However  the  molecular  stacking  arrangement  of  these  molecules  in  the  solid  state 
is  found  to  have  a  profound  influence  on  their  photoconduetjpg  properties  Recently  rigid- 
rod  phthalocyaninato-poly(siloxane)  polymers  (PePS)  have  been  synthesized  that  can  be 
processed  by  the  Langmuir-Blodgett  (1,B)  technique  These  Ll>  films  show  extremly  well- 
defined  structures  and  molecular  composites  can  be  assembled  by  including  different  types 
of  molecules  into  the  films  Furthermore  the  linear  absorption  spectrum  of  PePS  shows  a 
broad  absorption  across  the  visible  region 

Prototype  devices  consisting  of  a  gold  or  platinum  bottom  electrode,  a  defined  number  of 
PePS  layers  and  top  electrodes  of  various  metals,  were  investigated  with  respect  to 
photogeneration  properties  Figure  1  shows  the  action  spec’ atm  of  a  sandwich  device 
consisting  of  a  plr.tinum  bottom  electrode,  twenty  layers  of  PePS  and  an  aluminium  top 
electrode  Even  though  the  spectrum  reveals  the  general  shape  of  the  linear  absorption,  the 
photogeneration  efficiency  (r;)  is  notable  greater  at  shorter  wavelength  From  the  current- 


104 


voltage  characteristics  under  illumination  in  the  near  UV,  a  fill  factor  of  0  43  was  calculated 
Strong  kinematic  effects  have  been  observed  that  suggest  internal  changes  of  the  space 
charge  region  under  illumination 

Similar  results  were  obtained  by  using  gold  bottom  electrodes  However  both  the  open- 
circuit  \oltage  (Uqc)  and  the  short-circuit  current  (Ijc)  as  function  of  the  incident  light 
intensity  P  showed  unusual  power  laws  of  P'  ®  and  P®  ^  respectively  Surprisingly,  devices 
with  bismuth  top  electrodes  did  not  show  any  relevant  photogeneration  In  this  context  the 
influence  of  intermediate  insulation  layers  will  be  discussed 


Wavelength  [nm] 


Fig  1  Typical  photoaction  spectrum  of  an  Al/PcPS/Pt  sandwich  device 
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MICROPARTICLE  LASER:  TEMPORAL  CHARACTERISTICS  AND 
INTRACAVITY  ABSORPTION  EFFECTS 

K.  Kamada.  K.  Sasaki,^  H.  Misawa,  N.  Kitamura  and  H.  Masuhara^ 
Microphotoconversion  Project  f  ERATO,  JRDC 
Kyoto  Research  Park,  Chudoji-minami,  Simogyo-ku,  Kyoto  600,  Japan 


Dye-doped  spherical  micropanicles  act  as  laser  cavities  if  the  refractive  index  of  the  particles  is 
higher  than  that  of  the  surroundings  ( 1 ).  Since  the  laser  cavities  are  formed  along  the  particle- 
surroundings  interfare  the  lasing  phenomenon  is  sensitively  affected  by  optical  perturbations 
such  as  absorption  near  the  interface.  Thus,  by  analyzing  lasing  spectra  and  its  dynamics, 
photophysical  /  photochemical  properties  at  the  interface  of  panicles  can  be  elucidated.  We 
report  here  lasing  of  a  single  laser-trapped  polymer  microparticle  in  water  and  discuss  its  lasing 
dynamics  and  applications  to  unconventional  time-resolved  intracavity  spectroscopy. 

Laser  trapping  technique,  which  enables  us  to  perform  non-contact  and  three-dimensional 
position  control  of  a  microparticle,  was  applied  to  place  it  under  the  ideal  optical  condition  |2]. 

A  dye-(Rhodamine  B;  RhB)-doped  PMMA  microparticle  was  trapped  in  water  by  a  focused  cw 
beam  (1064  nm)  of  a  YAG  laser  under  a  microscope.  Besides  the  trapping  beam,  a  frequency- 
doubled  pulse  (532  nm,  40  ps  fwhm)  of  a  Q-switched  YAG  laser  was  irradiated  to  pump  the 
dye  molecules.  Figure  1  shows  an  emission  spectrum  of  a  26-|i.m-sized  lasing  particle.  Intense 
emission  peaks  are  ascribed  to  the  spherical  resonant  modes  according  to  the  Mie  scattering 
theory  [1].  Nonlinear  increase  of  the  peaks  with  the  pumping  intensity  indicates  that  the  laser 
oscillation  occurs  in  the  trapped  particle. 


^  Osaka  University,  Suita  565,  Japan 

t  Five-years  term  project  (October  1988  -  September  1993).  All  the  correspondence  after 
September  1993  should  be  addressed  to  Osaka  University. 
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Figure  2  gives  temporal  profiles  of  the  laser  emission.  The  decay  of  the  laser  emission  is  much 
faster  than  that  of  RhB  fluorescence  in  PMMA  (~3.3  ns),  which  indicates  that  the  stimulated 
emission  was  induced  The  dye  concentration  and  wavelength  dependences  of  the  lasing 
dynamics  can  be  explained  in  terms  of  reabscwption  of  the  dye  in  the  cavity. 

Transient  absorption  of  guest  molecules  at  the  interface  also  affects  the  lasing  dynamics.  It  was 
demonstrated  that  Sn-S  1  absorption  of  9,10-diphenylanthracene  (DPA),  doped  into  a  PMMA 
particle,  perturbs  the  lasing  of  RhB.  The  lasing  was  strongly  quenched  immediately  after  the 
excitation  of  DPA,  while  lasing  emission  recovered  again  as  the  delay  time  is  later.  The  results 
indicate  a  transient  absorption  measurement  based  on  intracavity  absorption  effects  is  possible. 
The  enhancement  factor  for  the  sensitivity  was  theoretically  deduced  to  be  about  one  hundred, 
and  the  time  resolution  was  obtained  to  be  ~50  ps.  We  believe  that  the  intracavity  spectroscopy 
of  microparticle  laser  is  useful  to  study  the  photophysical  /  photochemical  processes  at  the 
interface. 


Fig.  1  A  Lasing  Spectrum  of  a  microparticle.  Fig.  2  Tempioral  profiles  of  laser  emission 

from  microparticles  in  various  RhB-con- 
centrations. 
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EfTicient  Organic  Photovoltaic  Cells: 

The  Role  of  Excitonic  Light  Collection,  Exciton  DifTusion  to  Interfaces 
Internal  Eields  for  Charge  Separation  and  High  Charge  Carrier  Mobilities 

N.  Karl.  A.  Bauer,  J.  Holzapfel.  J.  Marktanner.  M.  Mbbus,  and  F  Stbizle 
3.  Phys.  Institut,  Universitat  Stuttgart.  D  7000  Stuttgart-80,  Germany 

Organic  photovoltaic  thin  film  structures  made  by  vacuum  vapor  deposi¬ 
tion,  including  molecular  beam  epitaxy,  have  been  studied.  From  the 
spectral  response  as  a  function  of  the  absorption  coefTicient  of  different 
organic  materials  we  conclude  that  electron- hole  separation  takes  place 
at  the  interface  between  the  organic  thin  film  and  one  or  both  of  the 
semitransparent  cover  electrodes,  (depending  on  the  relative  energy  level 
positions  of  the  materials  employed  and  the  internal  fields  thereby  gene¬ 
rated  ).  The  observed  short  circuit  currents,  however,  are  too  large  to  be 
explained  on  the  basis  of  a  direct  light-induced  charge  transfer  at  the 
layer/electrode  interface.  Rather,  a  contribution  of  the  bulk-absorbed 
photons  is  necessary  to  account  for  the  observed  quantum  yield.  Transfer 
of  the  energy  to  the  interface  sites,  where  electron-hole  generation  and 
separation  takes  place,  can  be  explained  by  diffusional  migration  of  ex- 
citons;  (  bulk  charge  carrier  generation  can  be  ruled  out).  The  bulk  mole¬ 
cules  of  the  organic  layer  thus  play  a  similar  role  as  the  chlorophyll  an¬ 
tennae  molecules  in  photosynthesis.  This  is  a  very  promising  aspect  for 
tayloring  efficient  photoelectric  energy  conversion.  The  efficiency  of 
charge  separation  can  be  improved  by  combining  donor  and  acceptor 
type  partners  in  organic  double  and  triple  layers.  The  efficiency  of  power 
conversion,  however,  not  only  depends  on  a  suitable  choice  of  the  ab¬ 
sorption  spectra  and  of  the  ionic  energy  levels  of  the  materials  employed, 
but  also  on  the  internal  cell  resistance,  a  fact  that  calls  for  high  charge 
carrier  mobilities,  and  hence  for  using  strongly  interacting  molecules,  and 
achieving  high  chemical  purity  and  structural  perfection  in  the  organic 
layers. 
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THE  INVESTIGATION  OF  NON  RADIATIVE  DEACTIVATION  OF  EXCITED 
STATES  IN  THIN  FILMS  BY  LASER  INDUCED  OPTO-ACGUSTIC 
CALORIMETRY 

I.V.  KATALNIKOV,  M.  VAN  PER  AUWERAER,  F.C.  DE  SCHRYVER 
Chemistry  Department  K.U. Leuven,  Celesti ]nenlaan  200F,  B-IOOl 

Leuven,  Belgium 

Laser  induced  photo-acoustic  calorimetry  (LIOAC)  is  at 
present  recognised  as  an  important  technique  for  the 
measurement  of  quantum  yields  of  radiationless  photophysical 
processes  in  solutions.  The  energy  released  by  those 
processes  is  converted  into  an  ultrasonic  wave  that  can  be 
detected  by  a  transducer. 

Two  ma30r  types  of  the  cell  conf igurations  are  used  for  such 
investigations:  a  front  face  configuration  and  a  side  face 
configuration.  In  the  side  face  configuration  the  laser  beam 
that  excites  the  sample  is  parallel  to  the  plane  of  the 
transducer,  while  in  the  front  face  configuration  it  is 
perpendicular  to  it. 

The  majority  of  set-ups  used  for  the  photo-acoustic  study  of 
liquid  samples  have  the  side  face  configuration  while  the 
front  face  type  is  used  mostly  for  studying  solid  samples. 
The  main  disadvantage  of  front  face  set-ups  is  their  high 
background  signal  due  to  the  light  absorption  on  the  face  of 
transducer,  especially  at  frequencies  larger  than  1  MHz^. 
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This  contribution  describes  a  new  side  face  cell  design  that 
allows  one  to  switch  between  the  reference  a;;J  rnt 
investigated  sansple,  being  in  identical  condi  t  icr;s,  wir,;.  .  jt 
aetaching  the  film  from  the  transducer.  It  :;an  be  use  i  b'_  '  r. 
for  investigation  of  optically  thicK  and  thiii  samples. 

The  mentioned  cell  design  for  photo-acoustic  stuoies  ihc: 
solid  films  can  be  successfully  used  for  quaritum.  y.e::! 
measurements  of  photocheuucal  processes.  This  set-up 
requires  from  the  film  f.rming  substance  a  good  mechanical 
contact  With  the  sound  conducting  medium  -glass  or  quart;’, 
and  optical  tran.sparen -y .  cor  th’.«  purp.ose  such  polymer;'  .-i.j 

po i v'mel.hy l.metacri ia te  -or  cellulose  ti : acetate;  n-.n  1  e‘ 

successfully  used.  The  set-up  shows  a  linear  performance 
the  range  of  excitation  energy  up  to  0.1  mJ/puise  and  a  lar-or- 
dyr.amic  range. 

Iron  illl; -tris  (2, 4-per.tadionate)  ,  2-aminoben7.c-phet.orie  and 
2 ,  2  ' -dihydroxybenzcpher’.cne  can  be  used  as  ieferen;:’e  c o’rip’C’un  !.~ 
for  the  LIOAC  experiments  in  PMMA  and  Ceil'uluse  Ti  i  a  Jet  a  Lc- 
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PHOTOCARRIER  GENERATION  VIA  SINGLET  EXCITON  IN  AROMTIC 
HYDROCARBON  CRYSTALS 

Ryuzi  KATOH  and  Masahiro  KOTANI 
Faculty  of  Science.  Gakushuin  University, 

Mejiro,  Tokyo  171,  Japan 


Wc  propose  that  charge  carrier  generation  through 
photoionization  of  singlet  exciton  in  anthracene, 
p-terphenyl  and  trans-sti Ibene  crystals  can  be  understood  in 
the  following  way. 

Charge  carries  are  generated  through  either  of  two 
processes.  Below  a  threshold  energy  for  external 
photoemission  carriers  are  generated  by  electron  transfer 
from  a  higher  excited  state  of  a  molecule  to  a  neighboring 
molecule  after  a  fast  vibrational  relaxation.  Above  that 
energy  an  electron  is  emitted  from  an  excited  molecule  into 
the  crystal  bulk  with  finite  kinetic  energy.  This  may  ne 
termed  as  direct  ionization. 

The  picture  is  based  on  the  following  experimental  findings. 
Ionization  efficiency  I*  can  be  defined  as  1’  =  ..  ,•>  i  , 

where  u  pi  is  the  cross  section  of  photoionization  of 
singlet  exciton  and  u  ;•  is  that  of  absorption.  This 
quantity  ‘1  has  been  deduced  as  a  function  of  excitation 
energy  for  anthracene  (ANTH)  [1],  p-terphenyl  (PTP)  [2]  and 
trans-sti Ibene  (TST)  [3]  crystals  (Fig.  1).  A  common 
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feature  is:  ■!'  is  insensitive  to  the  excitation  energy  for 
relatively  low  energies  and  it  increases  steeply  above  a 
critical  energy.  The  critical  energy  coincides  with  the 
threshold  energy  for  external  photoelectron  emission  [4]. 
Efficiency  for  generating  a  geminate  electron-hole  pair, 
which  is  estimated  by  photoconductivity  ireasi uement s  at  high 
fields,  increases  drastically  above  the  threshold  energy  for 
external  photoemission  [5]. 
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Fig.  1 
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GENERATION  OF  OPTICAL  EVANESCENT  WAVES  IN 
VACUUM-DEPOSITED  THIN  FILMS  OF  a-OLIGOTHIOPlIENES. 


Denis  FICHOU,  Harald  KNOBLOCH.  Wolfgang  KNOLL,  and  Hiroyuki  SASABE. 
Frontier  Research  Program,  The  Institute  of  Physical  and  Chemical  Research  (RIKEN),  2-1 
Hirosawa,  Wako,  Saitama  351-01,  Japan. 


Vacuum-deposition  of  linear  a-coupled  oligothiophenes  a-nT  (with  n=4-8  thiophene  rings) 
yields  highly  homogeneous  thin  solid  films  with  specific  electrical  and  optical  propierties  1 1 1. 
We  recently  demonstrated  that  these  organic  films  have  potential  applications  in  various  high 
technology  fields  such  as  integrated  microelectronics  12|  and  all-optical  information  devices  13). 
But  up  to  now,  few  infonriations  were  available  on  the  structure  and  morphology  of  these 
organic  films.  Evanescent  optical  waves,  particularly  plasmons  surface  polaritons  (PSP) 
hereafter  called  "surface  plasmons",  and  waveguide  (WG)  modes,  have  recently  proved  to  be 
very  useful  to  characterize  organic  ultrathin  films  and  afford  valuable  structure-properties 
relationships  [4,5].  We  report  here  on  the  generation  of  evanescent  optical  waves  in  thin  films 
of  three  model  a-oligothiophenes,  namely  the  tetramer  a-4T,  the  hcxamer  a-6T  and  the 
extended  octamer  a-8T. 


Figure  1-  Molecular  structure  of  a-6T,  the  linear  hexamer  of  thiophene. 

a-nT  thin  films  (thickness=20  nm  to  1 . 1  mm)  are  deposited  onto  silver  films  by  evaporation  of 
the  powdered  oligomers  under  reduced  pressure  (10"^  Pa).  It  affords  polycrystalline  films,  as 
checked  by  X-ray  diffraction  and  scanning  electron  microscopy.  SEM  reveals  the  high 
uniformity  and  homogeneity  of  the  film  surfaces,  whatever  the  oligomer  length,  and  evidences 
the  extremely  fine  granular  texture  and  high  density  packing  of  the  evaporated  films.  The  film 
morphology  consists  in  a  crystalline  network  made  of  inter-connected  linear  segments  whose 
average  diameter  and  length  are  respectively  30  nm  and  100  nm.  The  crystallite  size  is  far 
smaller  than  the  wavelength  of  visible  light  and  thus  explains  the  pterfect  transparency  of  our  a- 
6T  and  a-8T  samples  in  the  visible  region. 
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The  optical  setup  for  PSP  and  WG  modes  generation  has  been  described  elsewhere  (4).  The 
intensity  of  the  reflected  light  R  of  an  He-Nc  laser  is  recorded  as  a  function  of  the  incident  angle 
0  while  rotating  the  whole  setup.  At  a  given  angle  6i,  the  reflectivity  R  of  the  a-nT  film 
decreases  sharply,  thus  creating  a  narrow  dip  in  the  R-q  curve.  This  indicates  the  resonant 
excitation  of  an  evanescent  wave  travelling  at  the  a-nT  film/air  interface.  As  an  example.  Figure 
2  shows  the  R-0  curve  of  an  a-6T  film  (thickness=1.128  pm)  under  TM-polarized  incident 
light.  In  such  a  thick  film,  two  WG  modes  are  generated  at  0i=4O.O°  and  0i=66.6°.  Surface 
plasmons  and  WG  modes  are  also  observed  with  a-4T  and  a-8T  films  of  various  thicknesses. 
The  experimental  curves  (square  points)  are  fitted  with  calculated  ones  (full  lines)  by  applying 
Fresnel  formalism  which  allows  an  accurate  determination  of  the  refractive  index  at  a  given 
wavelength.  “  ] 


Incident  angle  (deg) 

Figure  2-  R-0  curve  of  a  a-6T  film  under  TM-polarized  light  showing  two  waveguide  modes. 

Importantly,  the  refractive  index  of  the  films  rapidly  and  linearly  increases  with  the  oligomer 
length  from  a-4T  to  a-8T.  No  leveling  off  of  n  seems  to  appear  for  long  chains,  resulting  in 
values  as  high  as  n= 1.965  for  a-6T  and  n=2.076  for  the  extended  octamer  a-8T.  Such  high  n 
values  are  quite  unusual  for  organics  in  their  transparency  region.  They  can  be  ascribed  to  the 
combined  effects  of  a  long  it-conjugated  system  (electronic  factors)  and  a  high  film  crystallinity 
and  density  (morphology  factors).  The  details  of  the  present  study  will  be  published  soon  [6]. 
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STUDY  OF  SINGLE  CRYSTAL  SURFACE  WITH 
SECOND-HARMONIC  GENERATION;  p-NITROANILINE 

Hiroyuki  KOBAYASHI  and  Masahiro  KOTANI 
Faculty  of  Science,  Gakushuin  University 
Mejiro,  Tokyo  171,  Japan 


It  has  been  recognized  that  generation  of  optical 
second-harmonic  (SHG)  can  be  a  powerful  tool  for  studying 
surfaces  [1],  SHG  is  forbidden  in  a  medium  which  has  an 
inversion  symmetry.  Since  surface  lacks  inherently  a  center 
of  inversion,  any  second-harmonic  signal  originated  from  a 
centrosymmetric  medium  should  come  from  the  surface  and  should 
bear  information  of  the  surface.  This  is  an  optical  metnod 
and  can  be  applied  to  many  surfaces  and  interfaces,  including 
those  of  insulating  media. 

Molecular  solids  are  unique  in  that  orientation  of  molecules 
which  constitute  the  solids  is  an  important  parameter. 
Second-harmonic  generation  is  especially  suited  for  studying 
orientation  of  molecules.  Here  we  report  a  SHG  study  of 
crystal  surface  of  a  highly  nonlinear  compound,  p-nitroaniline 
(p-NA) . 

p-NA  crystallizes  in  a  centrosymmetric  structure  and  the 
crystal  is  inactive  in  SHG.  However,  second-harmonic  (SH)  at 
532  nm  is  observed  in  the  specularly  reflected  light  when 
cleaved  surface  of  a  single  crystal  of  p-NA  is  irradiated  with 
a  pulse  from  a  Q-switched  NdcYAG  laser  (1064  nm,  10  ns).  The 
intensity  of  SH  is  the  largest  when  the  fundamental  is  incident 
normal  to  the  surface.  This,  together  with  the  polarization 
characteristics,  indicates  that  molecules  are  lying  flat  in  the 
surface  and  are  aligned  in  a  direction,  making  the  surface 
polar.  All  the  measurements  give  results  which  are  in  harmony 
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with  the  symmetry  of  the  crystal,  as  if  the  signal  comes  from 
a  single  layer  of  perfecltly  aligned  molecules  which  covers  the 
surface . 

When  the  surface  is  scanned  with  a  tightly  focused  beam  of 
light  from  the  YAG  laser,  while  SHG  is  monitored,  it  becomes 
evident  that  the  surface  is  not  uniform:  There  are  spots  at 
which  SHG  is  very  efficient.  Most  of  the  intensity  detected 
with  an  unfocused  beam  comes  from  such  spots.  The  area  of  the 
spots  is  comparable  to,  or  smaller  than,  the  area  of  the 
focused  beam  spots.  We  assign  these  "hot"  spots  to  regions  in 
which  molecules  are  aligned  unidirectionally . 

Additional  support  for  this  assignment  comes  from  measurements 
of  the  phase  of  SHG.  The  phase  of  the  SH  generated  at  the 
surface  of  a  p-NA  crystal  can  be  measured  by  observing 
interference  with  SH  from  a  thin  quartz  plate  inserted  in  the 
incident  beeun.  No  interference  can  be  detected  at  regions  of 
the  surface  where  SHG  is  weak,  whereas  some  "hot"  spots  exhibit 
clear  interference,  indicating  that  strong  SHG  originates  from 
regions  where  molecules  are  well  oriented. 
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\aiious  orijanio  crystals  with  quasi-one-dimens  lona  1  s  t  rm- t  u  res 
show  the  pliase  transition  due  to  the  stroni;  e  1  <■  e  t  i  on- 1  a  t  t  i  <  •- 
and/or  electron-electron  interactions.  For  exaroide,  some  charje- 
transler  ( f  1  )  complex  crystals  with  half  spins  on  eacli  coiis'iinent 
molecules  show  the  spin-Peier I s  like  transition.  1  In-  otin-r 

example  is  the  chromic  transition  in  /f-eletron  con  i  in’ a  t  eU  po|\m.-i 
crystals  as  observed  in  poiydiacety lenes  ( PDAs  I  11  1.  In  precii  us 

reports,  we  have  shown  that  local  and  small  luimbii  -I  ph-it,.- 
e.\cited  species  can  trigger  those  spin-l'cierls  like  and  hi-. mi 

pliase- 1  rails  i  t  ions  oxer  a  raacroicopic  region  1  /  ,  J  I  ■  In  thin 
study,  we  report  the  dynamics  c  such  uncoiivent  i -na  I  ilnn-meni. 
i.e.  photo- induced  phase- 1  cans  i  t  ion  (PIPT),  with  -h.injin.'  tin 
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•  '.\oi  l.at  1  plot  ofi-ont^r^y  ,  excitation  intonsits  .nul 

t  emi  e  re  t  u  r  •  • 


A  iuAiio- second  technique  has  been  api^iied  t.'> 

dy  jamic<tl  study  on  phase- t  rans  1 1  ions  jn  a  1  Anv  kind  of  <'I  ttui 
s  u'^le  v.rvsl<iis  ll  was  confirmed  that  an  initinl  [ir 

of  the  Pf!  r  occurs  much  faster  than  50  ns,  if  the  sample  is 
at  n':*arb\  Mu*  phase  tratisition  temperature.  In  addition,  t 
resolve..  pl«o^  o-'-cnduc  t  i  V  1  t  \  measui-ement  has  made  clear  that 
plio  t  c  -  ^c- n*‘ i  s  <  1  {' i  p<,>  I  a  r“u- i  1  ko  carriers  plav  an  iinpoiMtiit  id 

dr  1  s  1  tifc?  P  !  I  . 

Fic«:'- second  pu nip- probe  e.\i>er  inients  on  <’ T  *  ..impi.-und 

Chlorani  i  ' ‘  A  M  !  IM  and  PI>*\  cryjitals  are  also  executed  to  r 
the  »-*ari\  d>naiiii.*-:  ot  t  ho  I- 1 P  (' ,  i.e.  tlK-  evoiuti^ut  I  la.-m  f  h-*  ; 
injected  [<<<.  li  e\*..  ited  speciov  xq  ^he  mac  roscop  i  c  a  i  1  y  con\ 
phase.  Pr«>ni  }>re  i  i  miuai ’•  on  TTK-CA  s^.u^ie  cr.vst.tM 

found  that  it  tal\**s  ab<-»ut  1  ns  for  the  growth  ol  the  p 
i  n  Je'.'  r  e<  1  1- )ma  i  ti  . 

(  I  I  -S  .  Ko  s  ll  1  ha  la  ,  V.  iokura.  K.  fakeda,  T.Koda  nnd  A  .  Kol*ay,t.-;|i  i  , 

J .  rhem.  Phys.  92  (1940)  75H1. 

(21  s .  K«.-sli  ihara ,  \.rc.Uui-a,  r.Mitaui,  G.Seito  and  l.Koda, 
Phys.  Rev.B  42  11990)  0853. 

S.Koshihara,  V.Tokura,  V.Iwasa  and  T.Koda, 

Phys.  Rev.B  44  (  1  991  )  131  . 

|3|  S . Ko sh 1  ha ra ,  V.Tokura^  K.Takeda  and  T.Koda, 

Phys.  Rev.  Lett.  68  (1992)  1148. 
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PHOTOCONDUCTIVITY  OF  POLY{ARYLENEVINVLENE)S 
AND  POLY(HETARYLENEVINYLENE)S 

H.  Meier,  M.  Lang.  H.  Kretzschmann 

Institute  of  Organic  Chemistry,  University  of  Mainz,  6500  Mainz,  Germany 
INTRODUCTION 

Poly(arylenevinylene)s  and  Poly(hetarylenevinylene)s  are  highly  interesting  systems  in  ma¬ 
terials  science.  Due  to  their  physical  properties  they  can  be  used  as  organic  semiconductors, 
photoconductors,  NLO-materials,  laserdyes,  scintillators  or  electroluminescence  displays. 
The  electronic  structure  of  the  conjugated  polymers  is  essential  for  all  these  applications!  1). 


SYNTHESIS 


Applying  the  stepwise  selfcondensation  of  the  Schiff  bases  2  in  a  strongly  alkaline  medium, 
we  isolated  the  orange  to  deep  red  oligomers  and  polymers  3,  which  can  be  hydrolyzed  to 


O 


4 

The  main  advantage  of  this  new  method  of  preparation  consists  in  the  extremely  high  struc¬ 
ture  reliability.  The  olefmic  double  bonds  for  example  are  formed  with  an  (E/Z)-selectivity 
greater  than  1000:1. 
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The  1,4-arylene  or  hetarylene  units  bear  alkoxy  side  chains  in  order  to  enhance  the  solubi¬ 
lity  and  to  decrease  the  band  gap.  Altogether  the  eight  building  blocks  A  -  H  were  investi¬ 
gated. 

-Ar-: 


R  =  CH3,  C2H5, . .  C16H33;  C2H4OCJH5,  (C2H40)3H  a.o. 

PHYSICAL  AND  PHOTOCHEMICAL  PROPERTIES 

The  arene  systems  3/4  A-E  show  a  high  photoconductivity  on  direct  irradiation  in  disper¬ 
sion  layers.  Increasing  length  of  the  side  chains  OR  enhances  the  average  length  of  the  main 
chain  in  the  process  of  preparation  and  decreases  dte  band  gap  till  the  limit  of  convergence 
(n  ■>  8)  is  reached.  The  optimum  results  were  obtained  for  the  2,5-dipropyloxy  system 
3/4  C.  Longer  side  chains  render  the  charge  transfer  from  chain  to  chain  more  difficult.  (De- 
localisation  of  the  charge  carriers  in  the  main  chain  seems  to  be  almost  activationless). 
Nevertheless,  longer  side  chains  ameliorize  the  generation  of  thin  transparent 
photoconducting  films.  The  highest  sensitivity  for  the  generation  of  photoconductivity  is 
observed  for  wavelengths  X  lying  close  to  the  absorption  maxima  The  hetarylene 
compounds  3/4  F-H  exhibit  a  much  lower  photoconductivity;  however,  they  deserve 
interest  because  of  the  multiple  quatemization  at  the  nitrogen  atoms.  All  oligomers  and 
polymers  3/4  arc  completely  photostablc  in  the  visible  region.  UV  light  (254  nm)  leads 
finally  to  non-conjugated  crosslinked  polymers  which  neither  fluoresce  nor  show  a 
photocurrent 


[1]  H.  Meier,  Angew.  Chem.  Int  Ed.  Engl.  31  (1992)  1399  -  1420, 
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PHOTOELECTRO-POLING  OF  AZOBENZENE  CHROMOPHOBES  IN 
MOLECULAR  FILMS 

M.  Schonhoff,  G.  Grewer,  S.  P.  Palto,^  L.-F.  Chi,*  H.  Fuchs,*  and  M.  Losche 
Institute  of  Physical  Chemistry,  Mainz  University,  D-6500  Mainz,  Germany, 
^stitute  of  Crystallography,  Academy  of  Sciences,  117  333  Moscow,  Russia,  and 
♦Institute  of  Physics,  Munster  University,  D-4400  Munster,  Germany 


Azobenzene  chromophores  have  been  intensively  investigated  as  prospective 
candidates  to  perform  as  fimctional  entities  in  advanced  molecular  materials  for 
integrated  optics,  non-linear  optics  and  molecular  electronics  applications  [IJ.  Photo¬ 
reorientation  of  azobenzenes  embedded  in  polymer  or  liquid  crystal  matrices  has 
been  observed  by  several  groups  [2-51.  For  polymers  it  is  assumed  that  trans-ds- 
trans  isomerizations  of  the  chromophores  induce  a  rotation  of  the  exdted  molecules’ 
transition  dipole  moments  out  of  the  polarization  direction  of  the  illumination  [4]. 
Recently,  a  similar  behavior  has  been  reported  for  molecular  films  of  some  4,4  - 
substituted  azobenzene  dyes  [6]:  Chromophores  were  observed  to  reorient 
collectively  on  photoselective  electronic  excitation,  which  lead  to  a  depletion  of 
transition  moments  parallel  to  the  light  polarization,  and  thus  to  the  formation  of 
anisotropic  samples.  These  were,  however,  still  centrosymmetric. 

We  report  on  the  first  photoelectro-poling  experiments  with  azobenzenes  in  LB 
films,  where  this  symmetry  is  broken  by  the  application  of  an  external  electric  d.c. 
field  during  illumination  [7],  This  leads  to  macroscopically  polar,  stable  solid  state 
structures.  Samples  have  been  characterized  macroscopically  by  Stark  spectroscopy 
and  microscopically  by  AFM  and  electron  diffraction.  Interaction  energies  of 
~  1  meV  between  the  field  and  the  groimd  state  dipole  moments  are  sufficient  to 
control  the  reorientation.  The  manipulated  structures  are  stable  at  room  temperature 
under  ambient  light. 
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We  suggest  for  the  photo-reorientation  mechanism  a  rotational  diffusion  process, 
governed  by  the  interaction  of  light  with  the  chromophores,  which  are  aggregated  in 
anisotropic  domains  and  experience  therefore  an  anisotropic  mean  molecular  field. 
On  excitation  of  a  chromophore,  the  molecule  may  reorient  within  this  mean  field, 
according  to  Boltzmann  statistics,  and  this  reorientation  affects  in  turn  the  orienta¬ 
tion  of  the  domain's  director.  After  relaxation  to  thermal  equilibrium,  a  slight  change 
in  the  macroscopic  orientation  of  the  system  has  occurred.  One  px>ssibility  for  the 
increase  of  the  rotational  diffusivity  of  excited  chromophores  may  be  local  dissipation 
of  the  excitation  energy,  possibly  into  thermal  channels.  This  is  suggested  by 
expjerimental  observations  and  by  the  fact  that  azobenzenes  in  general  show  low 
fluorescence  quantum  yields. 

We  have  simulated  the  photo-reorientation  process  of  the  molecules  within  a 
domain  under  the  influence  of  an  external  electric  field.  The  molecules  are  placed 
w'^hin  the  mean  field  of  a  nematic  Maier-Saupe  potential.  Such  simulations 
reproduce  the  experimentally  observed  behavior  without  any  fitted’  parameters. 
The  collective  behavior  of  the  molecules  is  well  accounted  for;  a  decay  of  the 
molecular  order  was  observed  if  the  magnitude  of  an  interaction  p)otential,  that 
stabilizes  the  pwlar  orientation  of  the  molecules  across  the  interface,  was  reduced  to 
below  0.3  eV. 
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RELAXATIGN  PROCESSES  IN  ORGAMC  MOLECULAR  CRYSTALS  UNDBI 

VUV  EXCITATION 
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In  this  contribution  we  propose  a  discussion  of  some  recent  results 
about  charge  carriers  delayed  recombination  and  dominant  fast 
electronic  relaxation  processes  in  organic  molecular  single  crystals 
(anthracene  and  p-terphenyl),  under  VUV  exitation  up  to  40  eV. 

We  have  studied  the  production  of  geminate  electron-hole  pairs  induced 
by  the  initial  photoionization.  We  detect  the  fraction  of  the  pairs  which 
have  a  delayed  recombination  (in  the  ns  range).  This  approch  is  based  on 
the  analysis  of  the  time  dependent  observation  of  the  modulation  by  a 
low  magnetic  field,  B,  of  the  recombination  fluorescence  emission.  The 
direct  evidence  of  the  formation  of  such  separated  charge  states  is  the 
existence  of  a  magnetic  modulation  with  an  hyperfine  structure  (HFS) 
type  [1]  in  a  time  scale  fixed  by  the  spins  precession  periods  in  the 
hyperfine  interaction  field  (some  ns). 

In  these  crystals,  a  delayed  geminate  recombination  fluorescence  is 
detected  above  a  threshold  energy  caracteristic  of  a  new  particular 
mecanism.  The  decay  law  of  this  component  is  found  to  be  proportional 
to  The  properties  of  the  HFS  modulation  also  give  the  initial  spin 
state  of  the  electron-hole  pairs  which  is  found  exclusively  triplet.  The 
excitation  spectra  of  the  integrated  (over  a  small  interval  of  time) 
intensity,  J,  and  the  well  known  HFS  modulation  ratio,  AJ/J 
of  the  delayed  recombination  fluorescence  (see 
the  figure)  and  its  ^iecay  form  are  interpreted  by  a  sequential 
intermolecular  mecanism  with  the  implication  of  a  primary  excited 
deep  hole  leading  to  the  formation  of  a  triplet  exciton  on  a  neighbouring 
site  and  a  charge  transfert  state  in  a  triplet  spin  multiplicity.  This  bi- 
excited  system  can  be  stabilized  in  a  metastable  complex  with  a  long 
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lifetime  or  rapidly  destroyed  by  the  recombination  of  the  charges  pair; 
in  the  last  case,  the  result  is  similar  to  a  fast  fission  of  an  excited 
singlet  state  into  two  triplet  excitons.  The  delayed  recombination  rate 
is  controlled  by  the  anisotropic  transport  properties  of  the  thermalised 
primary  ionization  electron  in  the  coulomb  field  of  the  heavy  and  quasi- 
fixed  complex. 

By  measuring  the  excitation  spectrum  of  the  total  fluorescence 
quantum  yield  of  the  crystal.  Qf,  we  have  renormalized  the  spectra  of 
the  global  fast  fission  into  triplet  and  singlet  excitons  given  elsewhere 
[2].  We  show  that  the  behavior  of  the  corresponding  large  quantum 
yields  respectively,  Qrr,  and.  Qss.  and  of  Qp  (see  the  figure)  is 
determined  by  these  intermolecular  transitions  from  deep  holes. 


4  8  12  16  20  24  28  32  36  40 


[1]  J.  KLEIN,  P.  MARTIN.  R.  VOLTZ,  Chem.  Phys.  Lett.  24(1983)10;  P. 
MARTIN,  J.  KLEIN,  R.  VOLTZ,  Phys.  Scrip.  35(1987)575. 

[2]  G.  KLEIN,  Chem.  Phys.  Lett.  31(1983)114. 
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Laser  Ablation  Dynamics  of  Polymer  Films:  A  Time-Resolved 
Interferometric  Study 

Hiroshi  Furutani,  Hiroshi  Fukumura,  and  Hiroshi  Masuhara 
Department  of  Applied  Physics,  Faculty  of  Engineering 
Osaka  University,  Suita,  Osaka  565  JAPAN 

Irradiation  by  an  intense  laser  pulse  to  a  polymer  surface  produces  etching  of  the 
surface  instantaneously  [1  ].  To  reveal  the  dynamics  of  morphological  changes  of  the 
surface  just  upon  the  laser  irradiation,  we  have  developed  a  nanosecond  time-re- 
solved  interferometer  with  nanosecond  time  resolution  [2],  The  preliminary  works 
have  shown  that  expansion  of  polymer  surfaces  took  place  at  laser  intensities  lower 
than  the  ablation  threshold.  The  expansion  continued  in  the  ms  region,  but  the 
surfaces  returned  to  the  initial  flat  surfaces  after  a  few  seconds.  W e  consider  that  this 
transient  expansion  is  a  key  to  clarify  the  mechanism  ofthe  laser  ablation. 

Poly( methyl  methacrylate)  (PMMA)  thin  films  (2pm  thickness)  doped  with  2  wt% 
biphenyl  (BP)  were  prepared  on  quartz  or  PMMA  substrates  by  using  a  spin  coater 
A  Nd:  YAG  laser  (532nm,  9ns)  and  an  excimer  laser  (248  nm,  30ns)  were  employed 
for  the  light  source  of  a  Michelson  interferometer  and  the  ablation  irradiation 
source,  respectively.  In  Figure  1,  an  optical  set  is  shown,  where  a  transient 
interferogram  was  recorded  with  a  CCD  camera  system.  Irrespective  of  the 
substrate  material,  polymer  surfaces  expanded  to  the  same  height  within  several 
tens  of  ns  after  the  irradiation  of  an  excimer  laser  pulse.  The  decay  time  of  the 
expansion  was,  however,  faster  on  quartz  substrates  than  those  on  PMMA  ones,  as 
shown  in  Figure  2.  The  results  suggest  that  transient  heating  by  laser  irradiation  is 
responsible  for  the  expansion.  An  accompanied  change  of  refractive  index  of  the 
film  is  also  examined,  and  ablation  mechanism  will  be  considered. 
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I'  ig.  1  Optical  setup  of  Michelson  interferometer 
and  Sample  substrate 
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Fig.  2  Temporal  Behavior  of  Surface  Displacement 
of  2  wt%  Biphenyl*  doped  PMMA  films 
(  fluence  80  mj  /  cm’) 
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SYNTHESIS  OF  A  "STARBURST"-TYPE  DODECADIAZO  COMPOUND 
AND  MAGNETIC  PROPERTIES  OF  ITS  PHOTOPRODUCT 


,  Katsuya  Inoue,  Noboru  Koga,  Nobuo  Nakamura,  and  Hiizu  Iwamura 


Department  of  Chemistry,  Faculty  of  Science,  The  University  of  Tokyo, 


7-3-1  Hongo,  Bunkyo-ku,  Tokyo  113,  Japan 


"Starbursf'-type  dodecacarbene  1  is  considered  to  have  a  super-high  spin  ground 
state  because  of  its  topological  symmetry  of  the  n-orbitals.  1  was  generated  by 
photolysis  of  the  corresponding  diazo  compound  2.  Trimerization  of  ethynyl 
ketones  was  performed  twice  in  the  key  steps  of  the  synthetic  route  to  2 .  The 
photoproduct  showed  a  single  EPR  line  with  the  width  of  10  mT.  The  magnetization 
curves  as  determined  by  a  Faraday  balance  did  not  necessarily  satisfy  the  Brillouin 
function  with  S  =  12,  suggesting  the  following  two  possibilities:  a)  antiferromagnetic 
interactions  might  operate  within  and/or  between  the  high  spin  molecules,  and 
b)  species  with  lower-spin  ground  states  might  be  generated  in  the  reaction. 

Once  these  difficulties  are  solved,  the  chances  are  that  strongly  magnetic  materials 
will  be  formed  photochemically. 
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ON  THE  SPECTROSCOPIC  AND  NONLINEAR  OPTICAL  PROPERTIES  OF 
3-(l,l-DICYAN0ETHENYL)-l-PHENYL-4.5-DIHYDH0-IH-PVRAZ0LE  (OCNP) 

A.  Minieulcz,  K.  Palewska,  J.  Lipinsfcl,  R.  Kowal  and  B.  Swedek 

Institute  of  Organic  and  Physical  Chemistry.  Technical  University  of 
Wroclaw,  50-370  Wroclaw.  Poland 


3- ( 1 , 1-dicyanoethenyl )-l-phenyl-4. 5-dihydro-lH-pyrazole  (hereafter  DCNP)  has 
been  reported  as  an  excellent  electrooptic  organic  crystal  111  with  a 
reduced  half-wave  voltage  of  370  V  at  632.8  nm  wavelength.  Such  a  very  high 
figure  of  merit  of  linear  electrooptic  effect  (Pockels)  is  the  result  of 
favorable  molecular  packing  in  a  unit  cell  and  a  large  resonance  enhancement 
of  a  molecular  second  order  hyperpolarizabl  1  i  ty  /3.  We  undertook 
investigations  of  DCNP  crystal  in  order  to  better  characterize  its 
spectroscopic,  nonlinear  optical  and  other  properties  such  as 
photoconductivity  and  pyroelectricity  which  are  essential  to  possible 
photorefractlve  applications  of  this  interesting  crystal. 

In  this  paper  we  present  spectra  of  DCNP  in  various  organic  solvents 

with  different  polarity.  Assuming  a  two  level  quantum-mechanical  model  being 

operative  for  the  molecule  on  the  basis  of  the  observed  solvatochromic 

shifts  of  the  dominant  lowest  lying  electronic  transition  we  calculated 

three  molecular  parameters;  ground  state  dipole  moment  p  =  3.283  D,  first 

9 

excited  state  dipole  moment  11.77  D  and  a  diluted  vapour  transition 

frequency  v  =  23154  cm  '.  We  also  calculated  the  transition  dipole  moment 
p  =  5.79  D  from  the  absorption  spectrum  in  hexane.  Such  a  set  of 
parameters  allowed  us  to  calculate  the  dispersion  of  the  vectorial  part  of 
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molecular  second  order  hyperpolarizabil  Ity  S  (-2u;u,u).  The  li  (-2u:u,ojI 
dependence  calculated  from  purely  spectroscopic  data  can  be  improved  when 
one  employs  a  separately  measured  ground  state  dipole  moment  of  DCNP  (in 
benzene  =  4.5  ±  0.5  D).  The  experimental  results  are  compared  with 
quantum-mechanical  calculations  of  electronic  spectrum,  ground  and  excited 
state  dipole  moments  of  DCNP  by  GRINDOL  method  121.  The  obtained  results  are 
discussed  in  detail  in  order  to  evaluate  their  respective  relevance. 

Some  preliminary  studies  show  that  the  excitation  of  the  DCNP  crystal 
within  the  interstack  CT  transi'  ^n  (e.g.  by  means  of  HeNe  laser  irradiation 
A=  632.8  nm)  produces  a  size  able  bulk  photoconductivity.  The 
photoconductivity  is  strongly  dependent  on  light  wave  polarization  within 
the  (010)  plane  due  to  polarization  dependent  absorption  coefficient  in  that 
spectral  region.  Occurrence  of  photoconductivity  combined  with  large 
electrooptic  coefficient  should  allow  one  to  observe  photoref ractive 
properties  in  this  material,  this,  however,  is  beyond  the  scope  of  the 
present  paper.  We  also  show  that  the  crystal  is  pyroelectric  then  it  should 
also  be  useful  in  formation  of  pyroelectric  transient  gratings  [3). 
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A  SPECTROSCOPIC  STUDY  ON  A  PYRENE  LABELED  POLYMER  MICROPARTICLE 
PREPARED  BY  PHOTO-THERMAL  PHASE  TRANSITION 
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An  aqueous  poly  (N-isopropylacrylamide)  (PNIPAM)  solution  exhibits  a  thermal  phase 
transition  at  3l°C  (a  lower  critical  solution  temperature  ;  LCST),  giving  water-insoluble  subpm- 
sized  polymeric  particles  [1 ).  Recently,  we  reported  that  thermal  phase  transition  of  PNIPAM 
in  water  could  be  induced  by  irradiation  of  an  infrared  1064  nm  laser  beam  and  a  produced 
single  |im-sized  polymer  panicle  could  be  laser  manipulated  simultaneously  [2).  It  was  also 
suggested  that  radiation  pressure  has  a  key  role  in  a  micropanicle  formation.  To  elucidate  the 
mechanism  of  molecular  aggregation  during  the  micropanicle  formation,  we  performed 
fluorescence  studies  on  photo-thermal  phase  transition  of  pyrene-labeled  PNIPAM  (Py- 
PNIPAM,  scheme  1)  in  water. 

An  aqueous  Py-PNIPAM  solution  (Mw  -10*,  0.75  wt%)  placed  between  two  glass 
plates  was  set  on  a  temperature-controlled  stage  of  an  optical  microscope  and  was  irradiated  by 
a  focused  1064  nm  laser  beam  from  a  CW  Nd^* ;  YAG  laser.  Upon  laser  irradiation  at  24  °C,  a 
Py-PNIPAM  microparticle  was  produced  instantaneously  and  prolonged  irradiation  rendered 
growing-in  of  the  particle.  Fluorescence  characteristics  of  pyrene  during  the  microparticle 
formation  was  studied  by  a  ns  spectroscopy  system  (355  nm,  Nd^*  :  YAG  laser,  a 
polychromator,  and  a  multichannel  plate/photodiode  array).  A  fluorescence  spectrum  from  the 
Py-PNIPAM  microparticle  produced  by  photo-theimal  phase  transition  is  shown  in  Fig.  la.  A 
broad  structureless  fluorescence  band  overlapped  with  vibrational  structures  of  the  monomer 
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extends  to  the  long  wavelength.  The  spectrum  is  quite  different  from  that  observed  from  the 
Py-PNIPAM  microparticle  prepared  by  thermal  phase  transition  above  LCST  in  the  dark  (Fig. 
lb).  The  broad  fluorescence  band  seen  in  Fig.  la  can  be  assigned  to  one-center-type  excimer 
[3],  while  that  in  Fig.  lb  is  responsible  for  sandwitch  excimer  of  pyrene.  This  indicates  that 
molecular  aggregation  in  the  particle  produced  by  1064  nm  laser  irradiation  is  different  from  that 
prepared  by  thermal  phase  transition  in  the  dark,  demonstrating  that  radiation  pressure  of  the 
laser  beam  influences  aggregation  of  polymer  chains. 

The  present  results  will  be  applicable  to  laser  regulation  of  polymer  conformations  in 
soution  as  well  as  to  controlled-preparation  of  polymer  microparticles. 


Scheme  1 


Wavelength  /  nm 

Fig.  1  Fluorescence  spectra  of  Py- 
PNIPAM  microparticle. 
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MAGNETIC  INTERACTION  BETWEEN  THE  TRIPLET  CENTERS 
THROUGH  PPV  SKELETON 
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PPV  polymer  1  is  considered  to  be  a  high-spin  organic  molecule  from  its  topological  symmetry 
and  expected  to  have  interesting  magnetic  properties.  The  ElZ  geometrical  isomers  of  l-(2- 
azidophenyl)-2-(3-azidophenyl)ethylene  2  and  3  were  prepared  and  photolyzed  in  a  2- 
methyltetrahydrofuran  matrix  at  10  K  to  generate  the  a)rresponding  dinitrenes  4  and  5, 
respectively,  prototypes  of  1 .  Fhe  ESR  spectra  of  4  and  5  showed  intense  quintet  signals 
which  obeyed  Curie's  law  in  the  temperature  range  13-85  K.  The  D  value  of  4  was  smaller 
than  that  of  5.  It  is  concluded  that  m'o  triplet  phenylnitrene  moieties  in  4  and  5  interact 
sufficiently  through  the  double  bond  to  form  quintet  states,  which  are  likely  to  be  ground  states 
of  4  and  5,  as  predicted  by  theory.  The  difference  in  the  D  values  between  the  isomers 
suggests  that  the  trans-form  of  the  PPV  skeleton  is  preferable  to  the  c/'s-form  as  a 
ferromagnetic  coupling  unit. 


CK) 


X  :  spin  source  ( trans  ) 

2  X,  :  Na 

1  4  Xi  :  N: 

R  :  OC|  8^3  7 


(cis) 

3  Xi  :  Na 
5  Xi  :  N: 
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PHOTOCHEMICAL  PROCESS  OF  p-PHENYLENEOIACRYLIC  ACID 
MONOESTERS  IN  THE  CRYSTAL  AND  MONOLAYER/M'JLTI LAYER 

F.  Nakanishi  and  H„  Nakanishi 
National  Institute  of  Materials  and  Chemical  Research 
Higashi  1-1,  Tsukuba,  Ibaraki  305  JAPAN 

A  series  of  long-alkyl  chain  monoesters  of  p-phenylenediacryl ic  acid 
(p-PDA,  HOOCCH=CH^O^CH-CHCOOR,  )  is  an  interesting  amphiphlic 

compounds  These  compounds  are  liquid  crystalline,  some  of  them  are 
photoreactive  and  have  monolayer  forming  property  These  properties  are 
attractive  from  the  view  point  of  study  on  photochemical  process  in  nano¬ 
dimensions  and  led  us  to  investigate  photoreaction  of  these  compounds  in 
the  crystal  and  monolayer/multilayer.  For  this  purpose  decyl  ester  (p- 
PDAmC-iQ)  and  dodecyl  ester  (p-PDAmC^^)  p-PDA  were  prepared  In  the 
crystal,  two  p-PDAmC^Q  molecules  are  paired  with  carboxylic  acids  by  hy¬ 
drogen  bonding  as  a  dimer.  The  pairing  units  are  displaced  to  form  pa¬ 
rallel  plane  to  plane  stacks.  The  distance  between  double  bonds  is  4  433 
A,  which  affords  photoreaction  to  proceed  by  cycloaddition  of  double  bonds 
resulting  in  formation  of  dimers  This  causes  disorder  of  crystal  struc¬ 
ture  and  some  of  double  bonds  became  closer  leading  to  the  formation  of 
amorphous  mixture  of  dimers  and  trimers.  p-PDAmCi2  crystal  is  rather 
photo-stable,  probably  due  to  longer  distance  between  double  bonds 

Regarding  to  monolayer/multilayer,  both  p-PDAmC-ip  and  p-PDAmC^2  fob'll 
stable  monolayers  and  they  could  be  transferred  onto  a  substrate  as  multi¬ 
layer  by  LB  method.  The  surface  area  and  spectroscopic  data  of  monolayer/ 
multilayer  indicated  that  p-PDA  monoesters  in  the  layer  are  arranged  side 
by  side  closing  each  other  to  form  excimers.  Photoreaction  of  the  monolayer 
at  an  air/water  interface  is  remarkable  resulting  in  increase  of  surface 
pressure  due  to  movement  of  p-PDA  monoester  by  reaction  This  suggests  the 
formation  of  more  ordered  structure  in  the  monolayer  on  irradiation.  Pro- 
ceedong  of  photoreaction  in  the  multilayer  was  monitored  by  change  of  UV 
and  fluoresence  spectra.  The  result  of  measurement  of  contact  angle  of 
irradiated  multilayer  supports  improvement  of  the  ordered  structure  in  the 
layer  on  irradiation.  Based  on  spectroscopic  data  and  molecular  weight  of 
products,  it  is  concluded  that  cycloaddition  of  double  bonds  takes  place 
giving  oligomers/polymers  on  irradiation.  In  conclusion  it  is  shown  for 
photoreaction  of  p-PDA  monoester  that  cycloaddition  is  common  reaction  in 
crystal  and  monolayer/multi  layer, but  each  photochemical  process  is  differ¬ 
ent  depending  on  reaction  system. 
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Organic  M icrocrysia I s  for  Photonics  and  M i croc  1 ec t roni < s 
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Japan 

Microcrystals,  differing  from  both  bulk  crystals  and  isolated 
molecules,  would  have  striking  properties  for  iihotonics  and  micro^ 
electronics.  Preparation  of  microcrystals  of  n  conjugated  molecules, 
however,  have  been  little  investigated  except  for  the  evaporation 
method.  Organics  are,  in  general,  not  stable  at  elevated  temperature. 
Thus,  in  the  present  study,  preparation  of  organic  microcrystals  by 
reprecipitation  methods  has  been  examined. 

Compounds  used  were  chromophers  with  particular  relevance  to 
nonlinear  optics,  including  solid-state  polymerizable  diacetylenes. 
Microcrystals  of  several  tens  tim  to  1  /z  m  in  size  were  successfully 
prepared  (1)  by  dispersing  solutions  of  organics  into  vigorously 
stirred  poor  solvents  at  room  temperature,  or  (2)  by  salting  out  from 
aqueous  solutions. 

Microcrystals  of  diacetylene  monomers  could  be  polymerized  to  give 
microcrystals  of  the  conjugated  polymers.  Interestingly,  the  molecular 
weight  of  poly-4BCMU  from  microcrystals  became  greater  than  that  from 
large  bulk  crystals,  suggesting  that  single  conjugated  polymer  chains 
are  elongated  from  one  end  to  the  other  end  of  the  microcrystals. 

Merocyanine  raicrocrystals  were  obtained  in  the  form  of  very  stable 
water  dispersion,  which  looked  like  a  solution.  By  ammonia  treatment  the 
dispersed  microcrystals  were  converted  into  J  aggregates  with  sharp 
absorption.  In  addition.  J-aggregates  of  pseudo - i socyan ine  bromide, 
that  has  surprisingly  sharp  excitonic  absorption,  were  obtained  for  the 
first  time  at  room  temperature  by  salting-out  technique.  The  finding 
led  to  the  formation  of  polymer  thin  films  contairig  the  J  aggregates. 

In  conclusion,  it  has  been  found  that  organic  microcrystals  can 
easily  be  obtained  by  simple  reprecipitation  methods. 
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CONDUCTIVITY  IN  LANGMUIR  BLODGETT  FILMS  OF 
PHTHALOCYANINATO-POLY(SILOXANE)  POLYMERS 


D.  Neher.  L.Kalvoda,  ILBack,  A.Ferencz 

Max  Planck-Institut  fiir  Polymerforschung,  Ackermannweg  10 
W-6500  Mainz.  FRG 


There  has  been  strong  interest  in  organic  semiconductors  for  their  application  as  basic 
materials  in  molecular  electronic  devices  such  as  transistors  or  photocells.  In  particular, 
materials  that  can  be  processed  by  the  Langmuir-Blodgett  (LB)  technique  can  be  prepared 
into  ultrathin  films  with  well-defined  structural  order  and  thickness  Recently  a  novel  class 
of  hairy  rod  molecules  has  been  designed  for  manipulation  by  the  LB  technique  These 
molecules  are  superior  to  traditional  amphiphilic  molecules  in  the  realisation  of  LB  films 
with  high  thermal  stability  and  good  mechanical  properties.  Among  these,  phthalocyaninato- 
poly(siloxane)  (PcPS)  is  of  particular  interest  for  application  in  sensing  and  photonics 
devices 

We  present  detailed  studies  on  the  conduction  properties  of  PcPS-LB  films  Prototype 
sandwich  structures  have  been  prepared  using  a  gold  or  platinum  bottom  electrode,  a 
defined  number  of  PcPS  layers  and  top  electrodes  of  various  metals  and  the  current-voltage 
characteristics  was  recorded  under  various  conditions.  Figure  1  shows  the  current-voltage 
characteristics  of  such  a  sandwich  structure  with  aluminium  as  the  top  electrode  and  a 
platinum  bottom  electrode. 

Rectifying,  Schottky-type  behaviour  typical  for  a  surface  barrier  between  a  metal  and  a  p- 
type  semiconductor  is  observed  However  the  serailogarithmic  plot  of  the  current  density 
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versus  applied  voltage  shows  the  non-exponential  nature  of  the  current-voltage 
characteristics  under  forward  bias.  The  relative  low  value  for  the  conductivity  (a)  of  around 
10*^®  Scm"*  deduced  from  these  measurements  may  be  due  in  part  to  the  formation  of  an 
aluminium-oxide  layer.  Larger  values  for  a  up  to  lO"®  Scm"*  were  observed  if  bismuth  was 
used  as  the  top  electrode  material.  The  influence  of  an  insulating  layer  was  further  studied 
by  inserting  a  fe'v  layers  of  a  cellulose  derivative  into  the  multilayer  assembly  fhermo- 
electrical  measurements  provided  further  information  on  the  charge  carrier  transport 
mechanism  in  these  structures.  Data  on  oligomeric  model  compounds  will  also  be  presented 
and  the  effect  of  electrochemical  doping  will  be  discussed. 


Fig.  1  Current-voltage  characteristics  of  a  Pt/PcPS/Al  sandwich  structure 
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PHOTOSENSITIZED  ELECTRON  INJECTION  FROM  ORGANIC  DYES 
INCORPORATED  IN  LB  FILMS  INTO  Sn02 


Dimitri  Noukakis.  Mark  Van  der  Auweraer,  F.C.  De  Schryver 
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KU  Leuven,  Department  of  Chemistry 
Celestijnenlaan  200F,  B-3001  Heverlee,  BELGIUM 


Spectral  sensitization  of  semi-conductors  has  been  a  wide  and  very  active 
field  of  research  the  last  three  decades,  driven  mainly  by  its  importance  in 
photographic  processes  and  solar  energy  conversion.  In  a  early  attempt  [1]  to 
elucidate  the  mechanism  of  sensitization  of  silver  halides,  the  energy  transfer 
mechanism  was  favoured,  while  for  other  semi-conductors  [2]  both  energy  and 
charge  transfer  were  thought  to  be  possible.  The  mechanism  of  spectral  sensitization 
is  still  not  completely  understood,  although  nowadays  charge  transfer  is  believed  to 
be  the  predominant  process  [3]. 

In  our  study,  LB  films  of  a  cyanine  dye,  Bis-[l-octadecyl-benzothiazol-2-] 
monomethine  perchlorate  (MBT)  and  arachidic  acid  (ARA)  in  different  mixing 
ratios,  were  transfered  onto  n-Sn02  plates.  By  inserting  various  numbers  of  layers 
of  ARA  between  the  semi-conductor  and  the  dye,  their  mutual  distance  could  be 
controled.  The  voltage  dependance  of  the  sensitized  photocurrent  in  presence  of 
Hydroquinone  was  investigated  using  a  three  electrodes  set-up.  Interestingly,  both 
anodic  and  cathodic  photocurrents  were  observed,  their  magnitude  and  ratio  being 
dependant  upon  the  distance  between  the  n-Sn02  surface  and  the  MBT. 

The  photocurrent  studies  together  with  the  results  obtained  by  fluorescence 
technics  will  be  presented.  They  strongly  suggest  that  in  the  present  case,  energy 
.ransfer  is  the  mechanism  responsible  for  the  "long  range”  sensitization  of  anodic 
and  cathodic  photocurrents,  while  electron  transfer  accounts  for  the  generation  of 
anodic  photocurrent  when  the  dye  is  in  contact  with  the  semi-conductor.  Details  on 
these  two  mechanisms  will  also  be  discussed. 


[1]  L.V.  Szentpaly,  D.  Moebius,  and  H.  Kuhn.  J.  Chem.  Phys.  5  (9),  4618  (1969) 

[2]  R.  Memming  and  H.  Tributsch,  J.  Phys.  Chem.  75  (4),  562  (1971) 

[3]  a)  W.  Arden  and  P.  Fromherz,  J.  Electr.  Soc.  727(2),  370  (1980) 
b)  R.  Memming,  Prog.  Surf.  Sci.  17,  7  (1984) 
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RADIATION  DEFECTS  IN  A  NEUTRON-IRRADIATED  DIAMOND, 
INVESTIGATED  BY  PERSISTENT  SPECTRAL  HOLE  BURNING 
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In  this  worit  we  present  the  results  of  a  study  of  photoactive  processes  in  neutron- 
irradiated  natural  diamond  crystals  of  type  laB.  Originally  this  type  of  diamond 
contains  nitrogen  in  the  form  of  platelets  in  the  <100>  plane  and  in  the  form  of 
considerable  amount  of  N3  centers.  One  of  the  peculiarities  of  the  diamond  is  its 
extremely  high  Debye  temperature  (  1900  K).  In  particular  the  longitudinal  optical  modes 
have  energies  corresponding  to  this  temperature.  Very  few  of  these  high-energy  modes 
ate  excited  at  room  temperature  and  this  is  the  reason  ,why  several  zero-phonon  lines  can 
be  detected  even  at  RT. 

In  our  study  a  piece  of  natural  type  laB  crystal  was  prepared  by  irradiating  it  with  a  fast 
neutron  flux  of  10  neutrons/cm  ^  and  annealing  it  subsequently  at  9S0  °  C  for  30 
minutes.  As  a  result  of  irradiation  the  sample  changed  completely  dark  and  became 
partially  transparent  at  wavelengths  >  600  ran  after  annealing.  It  should  be  mentioned  that 
interstitials  and  vacancies  become  mobile  at  T=300  K  and  T=800  K  respectively.  The 
migration  of  nitrogen  atoms  and  the  decomposition  of  a  pair  nitrogen  may  occur  around 
800  K  also.  The  above  described  treatment  yielded  a  rich  optical  spectrum  in  the  region  of 
600  -  820  ran.  Seven  comparatively  sharp  lines  were  observed  in  absorption  and  twelve,  in 
luminescence. 

The  spectra  of  polarized  luminescence  (Fig.l)  were  recorded  for  different  orientations 
and  polarizations  of  detection  and  excitation  to  determine  the  orientation  of  the  dipole 
moments. We  conclude  that  the  electric  dipoles  corresponding  to  the  723.8  nm  transition, 
are  orientated  along  the  <100>  axis  in  the  crystal  lattice. 
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Persistent  spectral  Hole  burning  is  perfonnable  in  the  723.8,  730.7  ,  and  734.1  nm 
spectral  lines  by  using  a  cw  dye  laser.  This  gives  evidence  of  inhomogeneous 
broadening  of  these  lines.  The  exposures  typically  of  10  minutes  at  lOOmW/mm^ 


Figure  1. 


yielded  spectral  holes  with  the  depth  of  40%  in  case  of  730.7  and  734.1  nm 
luminescence  lines  and  80%  in  case  of  723.8  nm  line.  The  widths  of  the  holes  varied 
from  0.02  nm  to  0.2  nm.  The  temperature  dependence  of  the  spectra  shows  that  the 
holes  in  the  730.7  nm  line  are  detectable  up  to  70  K.  The  holes  in  the  723.8  line  are 
restored  after  a  thermal  cycle  to  50  K.  In  the  latter  case  a  strong  cross-talk  effect  is 
observed:  burning  a  hole  in  the  723.8  nm  line  fulfils  the  preceding  hole  in  the  same 
line.  The  enhancement  of  the  734. 1  and  738.9  nm  lines  on  irradiation  at  723.8  nm 
line  indicates  the  location  of  the  photoproduct.  Proportional  decrease  of  the  723.8  and 
731.8  nm  absorption  lines  after  burning  the  sample  at  723.8  nm  with  a  pulsed  laser 
gives  evidence  of  the  common  origin  of  these  lines. 
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OPTICAL  AND  RELATED  PROPERTIES  OF  SOME  NATURAL  THREE-  AND 
LOWER-DIMENSIONAL  SEMICONDUCTOR  SYSTEMS 

G.  C.  Papavassiliou 

Theoretical  and  Physical  Chemistry  Institute,  National  Hellenic  Research  Foundation, 
48,  Vassileos  Constantinou  Ave.,  Athens  1 16/35,  Greece 

During  the  last  few  years,  rapid  advances  in  materials  tehcnology  have  lead  to  the 
fabricatyion  of  novel  electronic  and  optoelectronic  devices  based  on  low-dimensional 
(L-D)  systems,  i.e.  quantum  wells  (2-D),  quantum  wives  (1-D),  and  quantum  dots  (0- 
D).  Artificial  systems  are  fabricated  by  using  several  techniques,  such  as  molecular 
beam  epitaxy.  However,  in  addition  to  manmade  structures,  natural  L-D  systems  have 
long  been  known. 

In  this  paper  the  optical  and  related  properties  (i.e.  luminescence,  photolumines¬ 
cence  excitation,  resonance  Raman  excitation  profiles  etc)  of  some  natural  three-  and 
lower-  dimensional  semiconductor  systems  are  briefly  reviewed  and  some  new  results 
are  reported.  The  following  kinds  of  systems  are  investigated.  1)  3-D  systems: 
Compounds  of  the  formula  (CH3NH3)MX3  (where  M=Pb,  Sn,  Ge;  X=C1,  Br,  1).  These 
have  a  cubic  perovskite  structure  and  some  of  them  are  3-D  semiconductors.  2)  2-D 
systems:  Compounds  of  the  formula  (C„H2n+iNH3)2MX4  and  compounds  of  the  for¬ 
mula  (CH3NH3)  (Cj,H2n^.iNH3)M2X7  have  a  perovskite  structure  and  are  2-D  semi¬ 
conductors.  3)  1-D  systems:  Compounds  of  the  formula  M(L-L)2M(L-L)2X2(C104)4 
(where  M=Pt,  Pd,  Ni;  L-L=  diamine;  X=C1,  Br,  1)  show  1-D  semiconductor '  ehaviour. 
0-D  systems:  Small  panicles  of  CdS  and  similar  compounds  as  well  as  compounds  of 
the  formula  (NMe4)gM2QX[3  (SPh)22  (M=  Cd,  Zn;  X=S  and/or  Se)  show  0-D  semicon¬ 
ductor  behaviour  (quantum  dots).  In  all  cases,  the  excitonic  or  charge  transfer  (ab¬ 
sorption  and  luminescence)  bands  in  the  visible-near  infrared  is  the  common  feature  of 
these  systems.  In  some  cases,  a  blue  shift  of  the  bands  has  been  observed  by  decreas¬ 
ing  the  dimensionality. 
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STABILITY  OF  ORGANIC  ELECTROLUMINESCENT  DIODE 


Yoshihani  Saio  and  Hiroyuki  Kanai 
Research  Center,  Mitsubishi  Kasei  C(np.,  Yokohama,  Japan  227 


Organic  electroluminescent  (EL)  diode  which  cosists  of  a  bole  traspott  layer  and  an  emitter 
layer  has  been  reported  to  gjve  a  high  brightness  and  good  efficiency  [1],  However,  lifetime 
of  the  EL  cell  is  the  most  important  problem  to  be  overcomed  for  its  ^pUcation  to  flat  panel 
diplay  [2]. 

We  conducted  an  investigation  of  the  stability  of  organic  EL  diode  during  operation  and  stor¬ 
age  using  analytical  methods  such  as  SEM,  XPS,  cyclic  voltammetry,  etc.  We  found  that  one 
must  pay  attention  to  the  following  points;  1)  morphological  stability  of  organic  thin  films,  2) 
electrochemical  stability  of  organic  materials  themselves,  3)  oxidation  and/or  peeling-off  of  the 
cathode,  4)  environment  of  a  fabrication  process. 


Fig.  1  Configuration  of  EL  cell  and  molecular  structures  of  materials. 
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The  fiist  point.  iiioq>hok>gical  stability  of  organic  thin  films,  plays  an  imputant  nde  in  kxig- 
tenn  stability  of  the  EL  cell.  When  more  than  one  hole  traspott  materials  were  mixed  together 
by  means  of  co-evaporation  method,  uniform  thin  films  were  often  obatined.  This  was  quite 
effective  for  the  suppression  of  dark  spots  (noo-emisave  area)  formation,  in  the  cell  during 
its  operation  and  storage. 


100 

The  similar  effect  was  also  observed  when  the 

emitter  layer  was  defied  with  an  organic  dye.  An  ^  ^ 

<0 
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Uyer  almost  disappeared  with  the  doping.  ^^  2  Rubrcne  doping  effect  on  dark  spots 
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A  hydrazone  compound  shown  in  Fig.l  decomposed  eleccttochemically  in  a  repeated  cyclic 
voltammetry  measurement  The  EL  cell  using  this  hydrazone  compound  as  a  hole  transport 
layer  degradated  very  quickly  even  at  low  temperature.  Degradation  due  to  die  third  and  forth 
points  already  mentioned  could  be  avoided  when  an  appropriate  encapsulation  structure  was 
introduced  into  the  EL  device  and  it  was  fabricated  carefully  under  a  dust-free  and  dry  envi¬ 
ronment  These  results  will  also  be  discussed  in  detail. 
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■PHOTOCHEMICAL  NON  -  RECIPROCITY  BEHAVIOUR  NEW  1.2-NAPHTHO- 
QUINONEHDIAZIDE-(2)-4-SULFONIC  ACID  ESTERS’ 

E.  SAUER.  J.  BEMDIC 

Institute  of  Organic  Chemistry,  iftmboldt  University. 
D-(O)-1040  Berlin 


Positive  photoresists  contain  trifunctionally  1 , 2-naphthochinon- 
dia2ide-(2)-5-  (I)  or  -4-8ulfonic  esters  (II)  as  sensitizers. 
The  structure  of  the  NCD  molecule  play  an  important  role  in  the 
performance  of  these  resists.  During  photolysis  the  4-  and  the 
5— sulfonic  acid  esters  show  different  reaction  behaviour  resul¬ 
ting  in  different  final  products. 


Intrinsic  new  lithographic  properties  might  be  generated  using 
the  hitherto  actinic  compound  (III)  based  on  the  different  photo- 
lytic  properties  of  compound  (III). 


The  preparation  of  the  trifunctionaly  sulfonic  acid  esters  (III) 
and  the  spectroscopic  behaviour  and  the  photolytic  reactions 
were  described  in  detail. 


FACTORS  WHICH  INFLOENCE  THE  "n-mE"  OK  “p-TTPE"  PHOTOELECTRICAL  BEHAVIOR 

9P  HOUCfflAR  gaiCOHBtfCm  THH»  FimS 


D.Schlattweln*.  N.R. Armstrong.  P.Lee,  K.V.Nebesny 

Department  of  Chemistry,  University  of  Arizona,  Tucson  AZ  85721,  USA 

*  to  whom  correspondence  should  be  adressed:  UnlversltAt  Bremen, 
Fachberelch  2,  Leobener  Str.  NW2,  U-2800  Bremen  33,  Germany 

There  Is  presently  great  Interest  In  the  rectification  properties  of 
heterojunctions  based  upon  modified  phthalocyanine  and/or  perylene  dye 
thin  films,  and  the  origin  of  the  "n-type"  or  "p-type"  behavior  cl  these 
materials  [1-4],  The  creation  and  transport  of  photogenerated  charges  In 
these  thin  films  Is  known  to  be  strongly  dependent  upon  concentrations  of 
Impurities,  defects  and  craps,  and  upon  Che  positions  of  the  HOMO  and 
LUHO  levels  of  these  dyes  In  Che  condensed  state.  There  have  been 
however,  relatively  few  attempts  to  systematically  study  the  HOMO  and 
LUMO  energies  of  such  systems,  and  to  correlate  these  energies  with  the 
dark  and  photoelectrical  behavior  In  ultraclean  environments,  and  upon 
initial  exposure  to  gases  such  as  0^,  NHj,  etc. 

Thin  crystalline  films  (10  nm)  of  phChalocyanlnatozlnc(II)  (PcZn) ,  and 
its  derivatives  tetrapyrldotetraazaporphyrinatozlnc(II)  (TPyTAPZn)  and 
naphthalocyaninatozinc(II)  (NcZn) ;  as  well  as  of  perylenetetracarboxillc 
dlanhydride  (PTCDA)  and  its  derivative  N,N-dimethylperylenetetra- 
carboxillc  dilmlde  (MePTCDI),  have  been  prepared  by  vapor  deposition 
under  UHV  conditions.  The  electrical  conductivity  and  photoconductivity 
of  these  films  were  measured  on  Interdlgltated  microelectrode  arrays  of 
PtSi^  on  SI.  The  films  were  studied  as  prepared  and  during  exposure  to 
rising  partial  pressures  of  oxygen  and  ammonia.  Changes  of  dark 
conductivity  and  photoconductivity  wit  0^  or  NHj  exposure  (Figure  1) ,  as 
well  as  changes  in  their  activation  energies,  showed  striking  differences 
among  the  studied  compounds.  These  differences  are  explained  by  a 
changing  tendency  towards  charge  exchange  with  acceptor  or  donor 
molecules.  These  interactions  were  only  partly  reversible,  as  confirmed 
by  XPS  analysis.  While  derivatives  of  PTCDA  generally  show  n-type 
conduction,  the  conduction  type  of  phthalocyanines  and  their  derivatives 
Is  strongly  dependent  on  the  type  of  ligand. 
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To  rationalize  these  photoelectrical  results  a  detailed  analysis  of 
positions  of  energy  levels  in  the  solid  is  crucial.  The  positions  of  the 
ground-state  levels  are  derived  from  in-situ  UPS  experiments  on  an 
atomically  clean  gold  surface  during  the  deposition  of  the  Pc  and 
perylene  dye  thin  films  (Figure  2).  The  positions  of  the  excited  state 
levels  are  estimated  from  luminescence  measurements  of  these  films  on 


transparent  substrates.  The  results  are  discussed  within  existing  models 
of  molecular  semiconductors,  and  their  impact  is  emphasized  on  the  use  of 


electrodes . 
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NEW  LB  HETEROSTRUCTURES  CONTAINING  ELECTRON  DONATING  AND 
ACCEPTING  MOLECULES 
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In  the  fleld  of  molecular  electronics  a  variety  of  molecules  and  heterostructures  prepared  by 
the  LB  technique  have  already  been  investigated.  In  our  work  we  want  to  combine  the 
potential  of  the  LB  technique  with  the  possibilities  of  thiophene  chemistry  to  achieve 
precursor  structures  for  one  dimensional  wires  or  devices  which  can  store  information  on 
the  molecular  scale  (e.g.  by  charge  separation). 

Newly  synthesised  derivatives  of  thiophene  were  investigated  as  pure  films  as  well  as  in 
mixed  monolayers  with  amphiphilic  viologene  derivatives.  The  pressure  area  isotherms 
were  obtained  on  a  commercial  film  balance  (LAUDA  FWl)  and  the  occupied  area  per 
molecule  indicates  a  ught  packing  of  the  hydrocarbon  chains.  We  transferred  the  films  on  a 
variety  of  hydrophilic  and  hydrophobic  substrates  as  a  monolayer  and  as  multilay'-s.  The 
conditions  of  film  preparation  for  the  pure  LB  films  have  been  presented  elsewhere  [1]. 

The  work  which  we  have  done  with  the  LB  films  of  3-thienylpeniadecanoic  acid  (3TC1S) 
comprises  the  following  spectroscopic  methods:  Fourier  transform  infrared  absorption 
experiments  (commercial  spectrometer,  Brucker  113v)  in  transmission  and  grazing 
incidence  geometry,  surface  plasmon  resonance  [2],  and  UVA'IS  experiments.  The  results 
indicate  that  the  saturated  hydrocarbon  chains  are  slightly  tilted  with  respect  to  the  substrate 
normal  (10*)  and  that  the  thickness  of  the  LB  film  is  23  A  per  LB  monolayer.  This  is  the 
first  example  of  an  arrangement  of  monomeric  thiophene  denvatives  in  a  two  dimensional 
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manner  without  supporting  matrix  molecules.  The  thiophene  moieties,  the  plane  of  which  is 
oriented  perpendicular  to  the  plane  of  the  substrate,  are  separated  by  the  isolating  saturated 
hydrocarbon  chains.  We  prepared  isolating  sandwich  structures  with  thicknesses  <  100  A. 
Polymerisation  of  this  structure  should  lead  to  highly  anisotropic  conductivities.  In  addition 
we  prepared  LB  heterostructures  which  combine  the  electron  donating  character  of  the 
thiophene  moiety  of  3TC1S  and  the  electron  accepting  character  of  a  LB  film  forming 
viologene  derivative  (BPS)  [3].  The  mixture  of  3TC15  and  BPS  (2:1)  builds  stable 
monolayers  on  the  air-water  interface  on  a  subphase  containing  NaC104  (0,5  mM)  and 
CaCl2  (0.25  mM).  In  this  heteroslructure  the  thiophene  can  act  as  an  electron  donating 
moiety  at  the  hydrophobic  end  of  the  LB  film.  The  electron  accepting  viologene  is  located 
at  the  hydrophilic  end  of  the  layers  and  is  separated  via  the  saturated  hydrocarbon  chains. 
These  structures  were  investigated  with  the  above  mentioned  techniques  and  the  results  will 
be  presented  in  this  conference.  In  the  heterostructures  we  expect  a  vectorial  elecu'on 
transfer  from  the  excited  thiophene  to  the  viologene. 

In  conclusion  we  were  able  to  prepare  pure  and  mixed  LB  films  of  the  new  molecule 
3TC15  and  investigated  the  different  systems  which  may  act  as  precursor  systems  for  future 
molecular  device  concepts  with  a  variety  of  experiments. 

( 1  ]  M.  Schmelzer,  S.  Roth,  P.  Bduerle,  R.  Li,  to  be  published  in  THIN  SOLID  FILMS 
[2]  (a)  Th.  Wagner,  H.  Schier,  S.  Hagen,  S.  Roth,  S.  Akari  and  K.  Dransfeld, 

Thin  Solid  Films,210/21 1(1992)652. 

(b)  I.  Pockrand,  J.D.  Swalen,  J.G  Gordon  II  and  M.R.  Philipoiti,  Surf.  Sci., 

74(1977)237. 

(c)  E.  Kretschman,  Z.  Phys.,  241(1971)313. 

[31  D.  MObius,  Ber.  Bunsenges,  Phys.  Chem.  82(1978)848. 
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ELECTRICAL  CONDUCTIVITY  AND  ELECTROLUMINESCENCE  OF 
POLY-P-PHENYLENE-VINYLENE  SCHOTTKY  BARRIERS 

S.  KARG,  J.  GMEINER,  M.  MEIER,  W.  RIESS,  P.  STROHRIEGL,  M.  SCHWOERER 
Bayreuther  Institut  fiir  Makromolekulforschung  (BIMF) 

I'niversitat  Bayreuth,  D-8580  Bayreuth,  Germany 


Due  to  its  good  processability  and  thermal  stability  poly-p-phenylene-vinylene  (PPV)  is 
well  suited  for  large  area  electronic  devices  (colour  plate)  as  well  as  for  micro  structu¬ 
res.  Our  PP\^  is  prepared  by  the  precursor  route  widely  used  for  the  synthesis  of  high 
polymer  weight  PPV'  [1).  We  made  only  slight  modifications,  for  example  we  used  a 
methanol/water  solution  to  improve  the  polymer  yield  (2).  Our  devices  have  a  typical 
Schottky  diode  configuration  with  an  ohmic  contact  (ITO),  the  p-type  semiconducting 
PPV  layer  (thickness  0.1-1  /rm)  and  a  vacuum  evaporated  rectifying  electrode  (Al,  Ca) 

[3].  The  fabrication  of  large  light  emitting  diodes  with  active  areas  of  more  than  25  cm^  is 
pc  ible.  The  conversion  of  the  PPV  precursor  polymer  to  PPV  can  also  be  done  by  UV' 
radiation,  giving  the  possibility  of  creating  micro  structures.  The  exposed  places  become 
insoluble  while  the  dark  remain  soluble  and  can  be  removed  with  methanol  [4]. 

In  this  paper  we  report  on  electrical  properties  of  PPV-based  light-emitting  diodes  and 
solar  cells.  At  room  temperature  I-V-characteristics  in  the  dark  reveal  a  good  diode 
behaviour  (Fig.  1)  with  a  maximum  rectification  ratio  of  10®.  The  threshold  voltage  for 
visible  electroluminescence  (EL)  is  as  low  as  2  V  (Fig.  3).  Due  to  the  low  drive  voltage 
and  the  use  of  Al  &s  top  electrode,  our  devices  have  been  run  for  more  than  one  week 
under  ambient  conditions.  In  a  glove  box  under  argon  atmosphere  a  conlinously  driven 
device  still  emitted  light  after  4  weeks. 

The  EL  spectrum  together  with  optical  absorption  spectrum  of  an  ITO/PPV/Al  devices 
are  shown  in  Fig.  2.  In  the  EL  spectrum  a  series  of  bands  with  an  energy  spacing  of 
about  0.16  eV  appears  just  below  the  band  edge.  According  to  Friend  et  al.  [5]  the 
sharp  vibronic  structure  is  due  to  coupling  of  vibrational  excitations  of  the  polymer  chain 
to  the  electronic  tt  —  tt*  transition  and  the  vibrational  modes  are  ring  stretching  modes. 
Impedance  measurements  show  that  our  diodes  can  be  described  within  the  Schottky 
barrier  model,  c.g.  eis  a  serial  circuit  of  resistive  and  capacitive  components,  for  both 
the  bulk  and  the  junction.  Under  illumination  an  open-circuit  voltage  of  more  than  1  V 
and  a  power  conversion  efficiency  of  about  0.1  %  can  be  achieved,  suggesting  the  possible 
application  as  solcir  cells  (Fig.  4). 
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Fig  1:  I- V-characteristic 


bias  voltage  /  V 


X  /  nm 


Fig.  2:  EL  and  opt.  Absorption 


Fig.  3:  EL  signal  and  current  Fig  4:  Short  circuit  current  I 
versus  bias  and  open  circuit  voltage  V 
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CHARGE  TRANSPORT  PROPERTIES  OF  ARYLALDEHYDE  HYDRAZONES 
IN  THEIR  GLASSY  STATES 


Satoyuki  Nomura,  Kanae  Nishimura,  and  Yasuhiko  Shirota 
Department  of  Applied  Chemistry,  Faculty  of  Engineering, 
Osaka  University,  Yamadaoka,  Suita,  Osaka  565,  Japan 


Charge  transport  in  organic  disordered  systems,  such  as  molecularly  doped  polymer 
systems  where  low-molecular-weight  organic  compounds  are  dispersed  into  polymer 
binders  have  been  a  subject  of  recent  extensive  studies.  It  has  recently  become  recognized 
that  the  polymer  binder,  which  was  thought  to  be  inert  for  charge  transport,  affects  greatly 
charge  transport. 

In  order  to  understand  intrinsic  properties  of  charge  transport  in  disordered  organic  solids, 
we  have  been  studying  charge  transport  in  the  amorphous  glassy  state  of  low-molecular- 
weight  organic  compounds.  We  have  found  that  a  series  of  arylaldehyde  hydrazones 
constitute  a  new  family  of  amorphous  molecular  materials  that  form  stable  amorphous 
glasses. 

We  report  here  charge  transport  properties  of  a  few  arylaldehyde  hydrazones,  4- 
diphenylaminobenzaldehyde  diphenylhydrazones  (DPH),  9-ethylcarbazole-.5-carbaldehydc 
diphenylhydrazones  (ECH),  and  9-ethylcarbazole-3-carbaldehyde  methylphenylhydrazone 
(MECH),  and  discuss  the  correlation  between  the  molecular  structure  and  hole  drift 
mobilities.  The  effects  of  mixing  two  different  hydrazones  on  charge  transport  properties 


ate  also  discussed. 
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Novel  amphipliilic  derivatives  of  indaiidioiie  1  .  i  ps  i  i  d  i  ii  i  um 

betaine  t I PB >  witti  different  length  of  the  aliphatic  tail. 

containing  1!  irillPU)  and  17  tt'lTIPB)  carbon  atoiii.s. 

respectively.  have  been  synthesized.  Quantum  chemical 

calculations  of  the  electronic  structure,  absorption  spectra 

and  dipole  moment  measurements  demonstrate  pronounced  d_ii>olar 

nature  of  the  first  singlet  transition  (S^  — >  )  of  the  1  PB 

molecule  re.siilting  in  ctiange  of  the  direction  ot  the  dipole 

moment  of  the  molecule  from  d  -4.'>D  in  around  to  d  5  l  Ii  in 

9  e 

e.xcited  states. 

The  compr  ess  i  on  A  isoiherm.s  of  tht'  C171PB  monolayers  on  water 
surface  and  computer  siniul.ation  of  molecular  ai  raiujemerit  , 
performed  in  the  framework  of  atom  atom  potential  and  Coiilombic 
interaction  approaches.  shows  that  there  may  e.xist  two 
energetically  most  stable  molecular  conf  igurat  ion.s.  i.e.,  two 
structural  phases,  of  the  t . / 1 PB  monolayer.  The  first  stable 
configuration  phase  emerge  at  low  pressure  linear^Ti^  (A)  region 
^  HI  to  32  mN/m  >  and  limiting  area  per  molecule  Ap  =  37A'‘ . 
In  this  low  pressure  region  .simulation  predicts  a  dimer  type 
of  configuration  of  the  C17IPB  "head.s" .  with  antiparallel 
orientation  of  the  dipoles,  the  "dimers"  lying  sideways  with 
respect  to  the  water  surface.  After  di.stinct  phase  transition 
at  -  33mN/m  the  l  PB  molecules  rearrange  in  more  den.se  packing 
and  area  per  molecule  equal  to  33A'‘.  In  this  high  pressure 
legion  parallel  configuration  of  troth  molecular  "heads"  and 
their  dipole  moments  i.s  predicted  with  tilting  angl  e  oC  i  e  1  at  i  ve 
to  the  substrate  e.sti  mated  to  be  about  5Q  degrees.  The 
calculated  areas  A^  per  molecule  were  found  to  be  in  good 
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agreement  with  experimentally  determined  values  for  both 

structural  phases  of  the  C171PB. 

The  high  pressure  region  yields  a  1  inear^TT^ <  A  >  dependence  up 
to  the  collapse  pressure  at<jr=  50mN/m.  The  electronic  absorption 
spectra  of  the  C17IPB  monolayer  on  the  water  surface  and 
simulation  data  show  that  the  phase  transition  caused  by 
compression  of  the  monolayer  produce  short  wave  shift  and 
decrease  in  intensity  of  the  band  as  well  as  change  of  the 
tilting  angle.  These  spectral  changes  reproducibly  correlate 
with  the  compress! on(JT- A  isotherms. 

In  case  of  CllIPB  monolayers  one  can  observe  the  presence  of 
low  pressure  phase  of  molecular  arrangement  only,  since  the 
phase  transition  at  01  ^  37mN/m  coincides  with  the  collapse 
pressure  of  the  monolayer. 

The  multilayer  LB  assemblies  of  C171PB  on  solid  substrates 
have  been  obtained  at  high  pressure  linearCjT  (a)  regioh  at 
CT'"  =  40mN/m.  U.sing  deposition  technique  with  different  speed 
of  up  and  downward  motions  of  a  hydrophilic  .substrate  l.  tspe 
of  C17IPB  multilayers  can  be  obtained.  This  structuie  has  been 
confirmed  by  el  1 i psometr ic  measurements  and  simulation  data. 
Applying  intrinsic  photoconductivity  and  photoemission  data 
preliminary  energy  structure  of  the  sequence  of  quantum  well.s 
of  the  C17IPB  multilayer  assemblies  has  been  proposed. 

The  C17IPB  multilayers  possess  pronounced  non  linear  optical 
p-operties.  viz.  effective  second  harmonic  generation,  excited 
at  hi)  =  I . 17eV  by  Nd  YAG  laser  pulses.  These  non-linear  optical 
and  photoelectric  properties  of  i7IPB  LB  films,  as  well  as 
predicted  very  fast  optoe 1 ectr i ca I  response,  caused  by  optical 
switch  of  molecular  dipole  moments,  may  be  of  considerable 
interest  for  applications  in  molecular  optoelectronics. 
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PHOTOmDUCED  CHARGE  TRANSFER  FROM  CONJUGATED 
POLYMERS  INTO  MOLBCULARLY  DOPED  POLYMER 


M.  Stolka.  M.  Abkowttz  and  B.  Hsieh 
Xerox  Corp.,  Webster  Research  Center,  800  Phillips  Rd, 
Webster  N.Y.  14580 


and 


H.  Antoniadis  and  S.  Jenekhe, 

Center  for  Photoinduced  Charge  TYansfer.  University  of  Rochester, 
Rochester,  N.Y.  14627 


We  describe  here  charge  transfer  from  photoexcited  n-conjugated  polymers, 
linear  poly(phenylenevinylene)  (PPV)  and  a  ladder  type  polymer, 
poly(benzimldazobenzophenanthroline)  (BBL),  Into  a  molecular ly  doped 
polymer,  (N,N-dlphenyl-N,N'-bls(3-methylphenyl)-l  1 ,  r-biphenyl]-4,4'-diamine) 
(TPD)  in  polycarbonate]  in  the  presence  of  an  electric  field.  Both  ji-conjugated 
polymers  are  photoconductive  in  the  region  of  wavelengths  of  absorbed  light 
( 1 ,2]  but  the  drift  of  photogenerated  carriers  is  severely  range  limited  by 
trapping  events.  In  a  bilayer  device  schematically  shown  below  the  carriers 
which  are  photogenerated  in  a  thin  layer  (0. 1  pm  or  so)  of  PPV  or  BBL,  are 
efficiently  transferred  into  the  adjacent  TPD  layer  and  transported  without 
trapping  to  the  counter  electrode. 

Time  resolved  photoinduced  charge  transfer  from  PPV  and  BBL  into  TPD  in 
the  presence  of  an  electric  field  is  analyzed.  Transient  photocurrent 
measurements  were  performed  on  these  bilayer  devices  using  the  TOP 
technique.  The  study  shows  that  the  charge  transfer  ft'om  both  BBL  and  PPV 
into  the  TPD/polycarbonate  layer  is  complete  and  without  delay.  No 
interfacial  trapping  has  been  detected  in  either  case.  The  shape  of  the  TOF 
transients  through  the  TPD  layer  at  all  measured  electric  fields  is  indicative  of 
nondispersive  charge  tremsport.  The  transients  are  similar  to  those  obtained 
by  Hash  excitation  of  the  bulk  of  TPD  in  the  presence  of  an  electric  field  or 
those  obtained  by  flash  photoemission  from  adjacent  a-Se  13.4).  The 
photoemlsslon  from  PPV  or  BBL  thus  occurs  in  times  that  are  substantially 
shorter  than  the  transit  time  through  the  TPD  layer. 

The  TOF  mobilities  determined  in  the  bilayer  device  using  extrinsic 
photoexcitation  in  the  conjugated  pol3miers  at  peak  absorption  of  460  nm  in 
the  case  of  PPV  and  560  nm  in  BBL  are  about  the  same  as  mobilities 


153 


determined  at  reversed  bias  by  photoexcitation  directly  In  the  TPD  layer  at  360 
nm.  The  carrier  collection  efficiency  iic  expressed  as  the  product  of  iig  (the 
generation  efficiency),  (trapping  efficiency)  and  tii  (injection  efficiency)  in  the 
PPV  /  TPD  system  at  E=4xl05  V/cm  Is  near  25%.  The  collection  efficiency  in 
the  BBL  /  TPD  layered  device  Is  only  1%.  In  both  cases,  t^c  is  electric  field 
dependent. 

It  is  not  clear  whether  the  photogeneration  is  Intrinsic  (x-x*  transition  followed 
by  the  carrier  separation,  migration  In  PPV  or  BBL,  and  injection),  or  extrinsic 
(TPD  assisted  dissociation  of  the  x-x*  excitons  at  the  polymer  -  polymer 
interface).  If  the  photogeneration  is  intrinsic,  the  collection  efficiencies  tic  of 
25%  in  the  case  of  PPV  and  1%  in  the  case  of  BBL  represent  lower  bound 
estimates  of  rig  if  trapping  in  the  generation  layer  is  neglected  and  if  the 
interfaces  do  not  affect  carrier  injection.  The  actual  generation  efficiency 
could  approach  unity  if  a  large  fraction  of  photogenerated  carriers  is  lost 
during  the  short  transit  through  the  x-conjugated  polymers. 


Figure  1.  A  scheme  of  the  bilayer  device 
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PHOTOINDUCED  OPTICAL  ANISOTROPY  IN  FILMS  OF 
PHOTOCHROMIC  LIQUID  CRYSTALLINE  POLYMERS 

J .  Stumoe  and  L.  Lasker 
Humboldt-University;  Dept,  of  Chemistry 
Hesslsche  Str.l;  0-1040  Berlin.  Germany 

Photochromic  liquid  crystalline  side-group  polymers  (LCP)  have 
been  recently  attracting  much  attention  as  materials  for  optical 
data  storage.  A  wide  variety  of  optical  phenomena  may  be  induced 
in  liquid  crystalline  materials,  either  through  variation  of 
order  parameter  or  manipulation  of  director  orientation. 

Using  linearly  polarized  light  offers  a  fundamentally  new 
approach  to  modify  optical  properties  by  angular-dependent 
photoselection . 

We  have  studied  laser  induced  modification  of  optical  anisotropy 
of  liquid  crystalline  polyacrylates  and  polymethacrylates  con¬ 
taining  different  content  of  azo  moieties  below  and  above  glass 
transition. 

Our  results  show  that  the  anisotropic  properties  of  the  LCP 
films  such  as  dichroism  and  birefringence  are  changed  on  irra¬ 
diation.  The  angle  between  the  optical  axis  of  the  oriented  LC 
film  and  the  plane  of  polarization  of  light  is  continuously 
enlarged  to  as  much  as  a  maximum  limit  of  perpendicular  orien¬ 
tation.  This  effect  is  caused  by  a  rotational  diffusion  in 
combination  with  angular-dependent  photoselection  process  within 
the  steady  state  of  the  E-Z  photoisomerization. 

Measurements  of  the  induced  birefringence,  the  IR  dichroism  of 
non-photochromic  moities  and  microscopic  studies  suggest,  that 
even  in  glassy  state  the  optical  axis  of  the  whole  system  under¬ 
goes  reorientation  due  to  a  cooperative  effect  of  adjacent  side 
groups.  Thus,  we  characterize  this  type  of  variation  of  optical 
anisotropy  in  such  polymers  showing  a  long  range  order  as  a 
photochemically  induced  physical  reorientation  process. 

The  induced  birefringence  strongly  depends  on  the  operating  tem¬ 
perature  with  respect  to  the  glass  transition  as  well  as  the 
chemical  structure  of  the  polymer.  It  can  be  frozen-in  in  the 
glassy  state  of  the  polymer,  read  out  by  a  non-actinic  laser 
beam,  changed  by  further  irradiation  and  erased  thermically  or 
photonically . 
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SCANNING  TUNNELING  MICROSCOPY/SPECTROSCOPY  OF  SURFACE  OXIDE  ON 
TITANIUM;  PHOTOEXCITATION  EFFECT  AND  NANO  ANODIZATION 


H.  Sugimura.  T.  Uchida,  N.  Shimo.  N.  Kitamura,  and  H.  Masuhara 
Microphotoconversion  Project,  ERATO,  Research  Development  ^Corporation  of  Japan, 
15  Morimoto-cho,  Shimogamo,  Sakyo-ku,  Kyoto  606,  Japan 


Among  various  semiconductors,  titanium  dioxide  (Ti02)  is  of  special  interest  because  of 
its  unique  properties  of  photoelectrochemical  and  photocatalytic  abilities.  For  further 
applications  of  the  material  to  microdevices,  microfabrication  of  Ti02  in  arbitrary  spatial 
patterns  is  worth  to  be  explored  on  the  basis  of  clear  understandings  of  photoactivities  of  TiOj 
in  minute  dimensions.  Along  the  strategy,  we  examined  photoexcitation  effects  on  scanning 
tunneling  microscope  (STM)  images  of  a  very  thin  TiC>2  layer  on  titanium  (Ti)  metal  [1].  In 
this  report,  we  show  scanning  tunneling  spectroscopy  fSTS)  of  surface  Ti02  on  Ti  under 
optical  illumination  ;  optical  tunneling  spectroscopy.  Funhermore,  nanolithography  of  Ti 
through  STM  tip-induced  anodization  [2]  and  its  application  to  fabricate  spatially-arranged 
photoactive  surfaces  ate  presented. 


SCANNING  TUNNLEING  SPECTROSCOPY  OF  TiOz/Ti 

Ti  surfaces  exposed  to  air  are  coveted  with  a  very  thin  TiQj  layer  which  is  known  to  act 
as  an  n-type  semiconductor.  Therefore,  conductivity  of  the  surface  layer  is  expected  to  be 
enhanced  upron  photoillumination.  Current-bias  (I-V)  characteristics  of  STM-tip/TiOz/Ti 
tunneling  junction  were  measured  under  photollumination  by  a  100  W  super-high-pressure 
mercury  lamp  at  starting  values  of  a  sample  bias  (Vs)  =  -2.0  V  and  a  reference  current  (i)  =  0.5 
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nA.  Fig.  1  shows  typical  I-V  curves  and  the  relevant  differential  conductivities  of  the  junction 
under  dark  and  photoillumination.  Conductivity  of  the  junction  under  photoillumination  (Fig. 
IB)  is  clearly  higher  than  that  in  dark  (Fig,  lA).  Photoconductivity  of  the  TiCfj  layer  was 
confirmed  by  means  of  STS  under  optical  illumination. 


NANOANODIZATION 


Nanoanodization  of  Ti  was  achieved  by  scanning  an  STM  tip  at  Vs  >  +3.0  V  in  the 
presence  of  adsorbed  water  [2].  An  STM  image  in  Fig.  2,  acquired  with  Vs  =  -3.0  V  and  i  = 
0. 1  nA,  is  a  typical  example  of  nanoanodized  Ti  where  anodized  Ti02  lines  of  30  -  40  nm  in 


width  are  fabricated  on  Ti  at  Vs  =  +8.0  V,  i  =  0.2  nA,  and  a  scan  rate  of  5  pm/s.  An  increase 
in  the  relative  composition  of  oxygen  to  Ti  in  the  fabricated  area  was  confirmed  by  Auger 
electron  spectroscopy.  Chemical  and  photochemical  pnopenies  of  the  fabricated  patterns  will  be 


also  presented. 


Bias  |V] 

Fig.  1  STS  of  TiOB/Ti 
A:  dark,  B:  photo 


Fig.2  Line  patterns  fabricated  by 
STM  tip-induced  anodization  of  Ti 
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SPECTRAL  HOLE  BURNING  IN  DYE  DOPED  PLASTIC  FIBER 


H.  Suzuki L2.  E.  Higurashi*,  A.  Monnaka'.T.  Shimada^  K.  Sukegawa’  and  D.  Haarer^ 
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We  report  persistent  spectral  hole  burning  (PSHB)  in  metal-free  leiraphenylporphyrin  (TPP) 
doped  polymethylmethacrylate  (PMMA)  fibers  via  the  proton  tautomenzation  of  TPP.  This 
combination  was  chosen  because  PMMA  fibers  exhibit  their  largest  U-ansmitiance  at  around  658 
nm,  which  is  a  convenient  wavelength  at  which  to  use  TPP  as  guest  molecules. 


In  PSHB  storage  scheme,  materials 
development  with  sufficient  guest 
molecules  is  vital  to  realize  the 
burning  of  more  than  UP  spectral 


holes  within  a  single  fex-used  laser  ^  ,  .  , 

Fig.  1.  Fiber  PSHB  sample  (below)  and  S1O2  multi  mode 

spot  One  approach  ts  to  prepare  opucal  fiber  with  125  pm  diameter  (above) 
highly  doped  host-guest  systems,  in  which,  however,  .some  drawbacks  txcur  due  to  the 
competition  between  interguest  energy  migration  and  PSHB  phoUKhemistry.  Another 
approach  is  to  fabneate  thick  samples  where  the  guest  concentration  should  be  low  enough  not 
to  induce  interguest  energy  migration  and  the  focused  laser  light  should  remain  localized  in  the 
samples.  The  fabneation  of  the  fiber  PSHB  materials  will  meet  these  two  requirements. 


Table  I  Characteristics  of  fiber  PSHB  samples  and  spectral  holes  burnt  in  these  samples 


Sample®* 

Diameter 

(pm) 

Length 

(mm) 

Hole  Yield 
(lO') 

Holewidth 

(GHz.) 

1 

600 

55 

2.4 

4.66 

n 

400 

52 

43 

4.42 

3 

125 

10 

0.021 

8.04 

a)  rrPP]=  1.25x10-4  M 
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Table  1  lists  the  characteristics  of  fiber  samples  we  fabncated  in  this  study  and  spectral  holes 
burnt  in  these  samples  (see  also  Figs,  I  and  2).  Decrease  of  the  hole  formation  y  ield  (t))  in 
comparison  with  the  reported  value  (l.Ox  10  -')  in  TPP/PMMA  ([TPPj^^SxlO  -*  M)  is  ascribed 
to  an  overestimation  of  the  number  of  irradiated  photons  due  to  the  propagation  loss  of  the 
excitation  laser  light  and  the  connection  loss  between  samples  and  light  guiding  fibers.  The 
marked  decrease  in  the  tj  value  of  sample  3  is  due  to  the  chemical  change  of  TPP, 


A  simplified  analysis  for  a  bit  by  bit  storage  scheme  revealed  that  the  achie\  able  areal  storage 
density  (S)  increases  in  proportion  to  the  increase  in  the  sample  length  due  to  the  accompanying 
increase  in  the  number  of  guest  molecules  in  the  sample.  Thus,  the  S  v  alue  can  be  increased  by 
one  or  two  orders  of  magnitude  in  our  fiber  PSHB  samples  because  most  of  PSHB  samples 
studied  so  far  have  the  thickness  of  0. 1  - 1  mm  Further  increase  in  the  S  value  can  be  facilitated 
with  the  aid  of  recent  breakthroughs  in  developments  of  high  efficiency  PSHB  matenals  and 
high  sensitivity  detection  schemes.  However,  it  should  be  noted  that  the  practical  S  value  in 
fiber  PSHB  samples  is  determined  by  their  core  diameter.  A  more  suitable  application  of  fiber 
PSHB  samples  may  be  to  use  them  in  a  holographic  storage  scheme  when  difficulties  arc  taken 
into  account  to  fabricate  fiber  PSHB  samples  with  a  core  diameter  of  about  1  pm.  In  this 


storage  scheme,  advantages  of  fiber  PSHB  samples  can  be  used  more  directly  than  in  a  bit  by 
bit  storage  scheme.  Additionally,  the  fiber  structure  of  PSHB  samples  will  facilitate  their 


application  to  a  \  ariety  of  devices  for  optical  data  processing. 


Fig.  2.  Spectral  holes 
burnt  at  every  7  GHz 
with  an  irradiation  of 
13  9  mW/cin^  for  120  s 
in  sample  2. 


Frequency  (GHz) 
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EFFECT  OF  DIPOLAR  DEFECTS  ON  TRAPPING  OF  CHARGE  CARRIERS 
IN  STRONGLY  ANISOTROPIC  POLYDIACETYLENE  CRYSTALS 

Jullusz  Sworakowsicl 

InstlLute  of  Organic  and  Physical  Chemistry, 
Technical  University  of  Wroclaw,  50-370  Wroclaw,  Poland 


Single-crystal  line  polydlacotylenes 


are  a  unique  class  of  solids  consisting  of  extended  conjugated  n-electron 

2  4 

chains,  10  -10  monomer  units  long,  well  separated  from  euiH  relatively 
weakly  interacting  with  'ne  smother.  Since  the  pioneering  work  of  Wegner 
[1],  structural,  mechanical  and  electronic  properties  of  this  ;  .ass  of 
polymers  have  been  extensively  studied  (see,  e.g.,  !2-51  for  reviews  and 
collections  of  papers),  and  it  has  been  commonly  accepted  that 
polydlacetylenes  may  be  considered  model  quasl-one-dimensional  solids. 

One  of  the  most  striking  features  of  polydlacetylenes  is  a  pronounced 
anisotropy  of  their  electronic  properties.  In  particular,  dark 
conductivities  and  photoconductivities  in  some  polydlacetylenes  capable  of 
yielding  single  crystals  of  a  reasonable  quality  (eg.,  pTS,  in  which  R  = 
-CH^-OSO^-0-CH^  or  pFBS,  where  R  =  -CH^-OSO^-0-F)  determined  in  the 
directions  parallel  to  the  polymer  chains  are  2  to  4  orders  of  magnit,  <e 
higher  them  those  meeisured  in  perpendicular  directions  [6,7].  These  results, 
to  a  first  approximation,  seem  to  reflect  the  emisotropy  of  the  mean  free 
paths  of  the  carriers.  The  latter  pemeuneter  may  be  expected  to  amount  to  the 
length  of  the  unperturbed  chain  In  case  of  the  carrier  transport  along  the 
chain,  and  to  the  inter-chain  distance  In  came  of  the  lateral  transport. 

The  length  of  unperturbed  polymer  chains  is  believed  to  critically 
depend  on  the  concentration  of  defects,  the  most  obvious  of  them  being  chain 
ends.  These  defects  may  Influence  the  carrier  transport  not  only  on  one 
polymer  chain  but  also  on  neighbouring  ones,  nominally  defect-free.  It 
should  be  realized  that  in  most  cases  the  presence  of  defects  in 
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polydiacetylenes  is  likely  to  give  rise  to  the  appeaj'2ince  of  uncompensated 
dipoles  (cf.  [8]).  In  this  note,  the  effect  of  such  dipolar  defects  on  the 
transport  of  carriers  in  strongly  anisotropic  (quasi-lD)  systems  will  be 
examined. 

Simple  calculations  of  electrostatic  Interactions  yield  the  following 
results: 

i)  The  presence  of  a  dipolar  defect  gives  rise  to  the  appearance  of  local 
minima  of  potential  energy  of  a  carrier  travelling  on  neighbouring 
polymer  chains.  Such  minima  may  act  as  carrier  traps, 
ii)  The  depth  and  concentration  of  the  traps  depend  primarily  on  the 
magnitude  of  the  dipole  moment;  these  parameters,  however,  can  also  be 
modified  by  biasing  field  and  temperature.  The  latter  effect  may 
account  for  the  field-dependent  trap  release  recently  described  by 
Fisher  and  Wlllock  '91. 

Hi)  Since  the  thermally  assisted  release  of  a  carrier  from  a  trap  is  a 
ballistic  process,  one  should  expect  the  localization  events  to  enhance 
the  probability  of  inter-chain  Jumps,  and  consequently  to  reduce  the 
anisotropy  of  parameters  governing  the  carrier  transport. 
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RELAXATION  DYNAMICS  OF  CHARGED  SPECIES  IN  POLYSELANES  FROM 
PICO-TO  MILU-SECOND  TIME  SCALE  STUDIED  BY  PICOSECOND 
PULSE  RADIOLYSIS  COMBINED  WITH  PICOSECOND  DIODE  LASERS 


Soiirhi  Taqawa  and  Yoichi  Yoehida* 

The  Institute  c£  Scientific  and  Industrial  Research,  Osaka 
University,  8-1  Mihogaoka,  Ibaraki,  Osaka  567,  Japan 
♦Nuclear  Engineering  Research  Lctb.,  Faculty  of  Engineering, 
University  of  Tokyo,  Tokai,  Ibaraki  319-11  Japan 


Recently  considerable  attention  has  been  paid  to 
polysilane  derivatives  containing  polygerm anes,  so-called 
sigma-conjugated  polymers,  as  a  quite  new  category  of  newly 
developed  polymer  materials  (1].  We  have  already  reported  on 
both  the  spectroscopic  data  of  the  transient  charged  species 
[2-5],  electronic  properties  [6],  and  final  products  [6]  in 
irradiated  linear  and  network  polysilanes[7}  in  solutions  and 
solid  films. 

The  present  paper  describes  mainly  the  relaxation 
dynamics  of  charged  species  in  polysilanes  from  picosecond  to 
millisecond  time  scale  studied  by  a  new  picosecond  pulse 
radlolysis  system. 

The  relaxation  dynamics  of  charged  species  in  polysilanes 
are  very  im  porta  mnt  in  not  only  their  potential  usefulness 
such  as  photoconductive  materials  and  resists  for 
microlithography  but  also  their  unusual  photochemical  and 
photophysical  properties. 

The  new  picosecond  pulse  radiolysis  system,  so-called  LL- 
Twin  pulse  radiolysis  system  [8],  uses  mainly  10  ps  electron 
pulses  from  a  28  MeV  electron  Hnac  and  picosecond  diode 
lasers  as  irradiation  source  and  analyzing  light, 
respectively.  The  picosecond  diode  lasers  are  synchronized 
with  10  ps  electrcn  piuls^ 

Relaxation  dynamics  of  charged  species  have  been  studied 
for  previously  reported  transient  absorption  due  to  both 
radical  anions  and  cations.  Very  intense  transient  absorption 
due  to  radical  anions  and  cations  of  various  kinds  of 
polysilanes  such  as  linear,  network  and  branched  polysilanes 
and  polysilane  copolymers  from  ultra  violet  to  infrared 
wavelength  regions  have  been  observed  by  both  pulse  radiolysis 
and  gamma-irradiated  matrix  isolation  techniques  [2-5,7,9,10]. 
Polygerm  ane  radical  anions  and  cations  have  also  been  observed 
[5,11].  Polysilane  radical  anions  and  cations  have  also  been 
observed  in  irradiated  molten  polysilanes  and  polysilane  films 
in  addition  to  polysilanes  in  solutions.  Polysilane  radical 
anions  and  cations  have  very  similar  UV  absorption  spectra 
[12].  It  is  a  so-called  pairing  properties  of  radical  ions  of 
conjugated  molecules.  Red  shifts  of  ultra  violet  absorption 
bands  of  radical  ions  of  polysilanes  from  those  of  neutral 
polysilanes  are  observed  systematically  [13J.  The  formation 
processes  of  both  radical  anions  and  cations  on  picosecond  and 
nanosecond  time  scale  were  observed  very  clearly  in  irradiated 
polysilanes  in  solutions  such  as  tetrahydrof uran  (THF)  and 
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methylene  chloride  (MeCl)  solutions.  The  formation  processes 
of  radical  anions  and  cations  are  mainly  due  to  the  reactions 
of  solvated  electrons  in  THF  with  polysilanes  and  the  charge 
transfer  from  the  radical  cations  of  MeCl  to  polysilanes, 
respectively.  The  reactions  of  solvated  electrons  and  the 
charge  transfer  processes  were  observed  very  clearly  and  rate 
constants  of  these  reactions  were  determined,  but  the  red 
shift  of  the  absorption  peaks  couldn't  be  observed  on 
picosecond  and  nanosecond  time  scale.  It  indicates  the 
processes  of  red  shift  of  UV  absorption  bands  of  both  radical 
aniens  and  cations  are  very  fast. 

The  relaxation  dynamics  of  very  broad  infrared  absorption 
spectra  of  polysilane  radical  anions  and  cations  on  time  scale 
from  picosecond  to  millisecond  have  been  observed  by  LL-twin 
picosecond  pulse  radiolysis  system.  The  main  relaxation 
processes  of  polysilane  radical  anions  and  cations  in 
solutions  occur  on  several  microsecond  time  scale.  The 
relaxation  dynamics  of  polysilane  radical  cations  and  anions 
in  solids  are  more  complicated,  because  absorption  spectra  of 
radical  anions  and  cations  overlap  and  the  time  scale  of  the 
relaxation  of  radical  ions  overlaps  the  time  scale  of  ion 
recombination.  The  time  scale  of  the  charge  recombination  in 
snlidfi  are  several  orders  of  length. 

Relaxation  dynamics  of  charged  species  in  polysilanes  play 
very  important  roles  in  potential  usefulness,  photochemical 
and  photophysical  properties,  electronic  properties,  and 
radiation  effects  of  various  kinds  of  radiation,  especially 
hole  mobilities,  resist  sensitivities  for  microlithography  and 
large  LET  effects  in  ion  beam  modifioaticin. 
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HOLE  BURNING  OF  PROTON (S)  SUBTRACTED  1 .A-DIHYDROXYANTHRAQUINONE 

HOLE  BURNING  OF  PROTON(S)  SUBTRACTED  1,4-DIHYDROXYANTHRAQUINONE: 
MECHANISM  AND  LOW-LYING  ELECTRONIC  STATE(S)  IN 
INTRAMOLECULAR  HYDROGEN -BOND(S)  AND  PROTON  TRANSFER  SYSTEM 

Toshiro  TAN I  and  Shlzuka  KINOSHITA 

Electrotechnical  Laboratory  (Tel:  *81-298-58-5451,  Fax:  *81-298-58-5459) 
Uaezono  1-1-4,  Tsukuba-shl,  Ibaraki  305,  Japan 


Along  many  photoreactlve  aolecules  In  persistent  spectral  hole-burning  (PSHB) 
we  have  been  paying  luch  attention  to  l,4-dlhydroxy-9,10-anthraqulnone  (1,4- 
DAQ)  and  Its  derivatives  [1-3J  as  well  as  free-base  porphyrins.  This  Is  be¬ 
cause  the  comprehension  of  the  structure  of  the  excited  electronic  state(s) 
and  the  mechanism  which  drives  the  proton(s)  transfer  reaction  from  purely 
electronic  excitation  seem  to  be  Interesting  (4,5).  Here  we  describe  our 
recent  results  on  the  PSHB  and  absorption/emission  properties  of  proton(s) 
subtracted  1,4-DAQ's  in  ethanol/methanol  glasses  mixed  with  Na-ethylate 
(EtONa)  as  tltrant. 

Mono-  [AQ(0H)(0Na)]  and  dl-substltuted  [AQ(0Na)2l  derivatives  can  be  dis¬ 
tinguished  and  separated  by  monitoring  its  spectral  change  with  addition  of 
EtONa.  The  solution  of  AQ(OH)(ONa)  Is  so  stable  as  to  carry  out  various  ob¬ 
servations  separately  after  degassed  and  sealed  In  the  optical  glass  cell  of 
1.5-mm  path  length,  while  that  of  AQ(ONa)2  precipitates  so  easily  that  the 
samples  are  quenched  down  to  liquid  He  temperatures  Just  after  the  prepara¬ 
tion. 

Absorption  and  emission  spectra  observed  at  4.7K  Indicate  that  the  Stokes 
shifts  are  sufficiently  small  for  both  derivatives  and  each  of  the  lowest  ab¬ 
sorption  band  contains  enough  amount  of  0-phonon  transitions.  Actually  the 
formation  of  0-phonon  hole  and  pseudo-phonon  sldehole  Is  clearly  observed  In 
both  derivatives  (6).  Hole-burning  was  performed  with  pulsed  dye  laser  (6ns, 
^0.06  cm~^)  pumped  with  2nd  harmonic  from  Q-swltched  Nd:YAG  laser  (lOHz). 
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HOLE  BURNING  OF  PROTON(S)  SUBTRACTED  1 ,4-DIHYDROXYANTHRAQUINONE 


PSHB  properties  are  aliost  slallar  between  the  two  but  different  fron  those  of 
1.4-DAQ.  The  widths  are  fairly  large  and  the  efficiencies  are  rather  low;  1.4 
CB'l  and  1.2X10'5  for  AQ(OH)(ONa)  and  1.5  ci'l  and  1.7X10’®  for  AD(0Na)2, 
respectively.  Most  significant  difference  between  the  two  and  non-substltuted 
DAQ  Is  the  spectral  profiles  of  antl-hole(s)  or  the  product  states.  The  ob¬ 
served  absorption  difference  before  and  after  large  awount  of  burning  for  each 
derivative,  as  seen  In  the  figure,  shows  that  the  spectra  of  the  products  seem 
alaost  slallar  to  chose  of  the  educt  states  except  that  they  are  red-shifted 
by  20~30  na.  In  case  of  1,4-DAQ,  the  product  appears  just  as  a  broad  and 
featureless  spectrua  around  410  na  with  reduced  oscillator  strength.  We  con¬ 
sider  so  far  the  aechanlsa  of  hole  foraatlon  of  AQ(0H)(0Na)  and  AQ(0Na)2  Is 
different  froa  those  In  1,4-DAQ  (6,7, IJ  and  seeas  photophysical  In  nature. 

The  feature  of  the  proton(s)  transfer  In  1,4-DAQ  and  related  derivatives  will 
be  discussed.  Further  the  possibility  and  role  of  non-bonding  state(s)  In  0= 


groups  will  also  be  discussed  based  on  these  and  our  accumulated  findings  such 
as  In  heterogeneous  1.4-substltutlon  by  NH2-?roup(s) ,  QS//S-cyclodextrln/LB 
flla,  1 ,4-DAQ/TMA/saponIte  [8]  and  1,4-DAQ  In  two-coaponent  sol-gel  glasses  (5 


Bol%  A1,B,  T1  In  SI)  as  well. 


Flg.l  Absorption  differ¬ 
ence  spectra  after  str¬ 
ong  laser  lllualnatlon; 

AQ(0H)(0Na):  Af  573na. 
15J/ca2,  AQ(0Na)2:AB= 
595na,  SJ/ca^. 

- :  after  burning 

. :  before  burning 


References :  (IJ  Y.Ilno  et  al.,  Chea.Phys.Lett.  140(1987)76,  T.Tanl  et  al.,  J. 
Luaines.,  38(1987)739.  (21  T.Tanl  et  al.,  Jpn . J . Appl . Phys . ,  M(1987)Suppl.26- 
4,77;  Ibid,  28(1989)Suppl. 28-3, 239.  (3]  T.Tanl  et  al..  J.Chea.  Phys.,  M(1988) 
1272.  (41  T.Tanl  et  al..  Hol.Cryst.Llq.Cryst. ,  216(1992)247.  (5)  T.Tanl  et  al. 
,  Jpn. J. Appl. Phys. ,  W(1992)703.  (6)  F.Drlssler  et  al.,  72(1980)4996.  [7]  F. 
Graf  et  al.,  Chea.Phys.Lett.,  59(1978)217.  (8)  M.Ogawa  et  al.,  J. Phys. Chew. , 
96(1992)8116. 
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LB-FILM  EMBEDDED  J -AGGREGATES: 

ENERGY  TRANSFER  AND  FAST  DYNAMICS 

A.  G.  Vitukhnovsky,  O.  P.  Varnavsky,  M.  I.Sluch 

P  N  Lebetlev  Physical  lnstitu»f>,  Russian  Academy  cf  Sciencii 
Leninsky  Prnspect  , ‘'7.  Mnscnw,  117Q24,  Rus-'ia 


During  lasi  years  some  progress  has  been  made  in  ► he 
understanding  of  the  subtleties  of  the  aggregate's  optical 
dynamics  in  solution  and  in  the  condensed  phase  The  large 
concent  rat i on  of  dye  molecules  embedded  in  I P- f i I  ms  is 

attractive  from  fundamental  point  of  view  as  geonietrical 
restricted  molecular  systems  with  unusual  energetic  and 
electrical  properties.  The  energy  transfer  between  ..I- aggregat  es 
have  been  of  interest  in  connection  with  photographic 

engineering  as  well  as  application  to  high-density  optical 
menx.ir  y . 

New  type  .1- aggregat  es  are  obtained  by  anion-cation  dyes  pairs  in 
water  solution  under  special  conditions  The  spectral  and 

kinetical  features  of  this  compounds  are  investigated  Data  are 
compared  with  the  molecular  dye  aggregates  features  obtained 
separately  and  with  well-known  PIC  I-aggregates 

The  fluorescence  I ifetime  measurements  were  performed  by  t  i me 
-  correlated  single  photon  count i ng  and  by  picosecond  up 
conversion  dtpC)  method  (time  resolution  is  about  1  ps) 

llpiC-method  IS  reali.sed  with  cavity-dumped  two-Jet  dye  laser 
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■j'/n'-hron'M  y  pumped  by  mode- 1  oeked  Nd-YAG  l  adier  and  fjpo'  lal 
deteot  T  .■)n  systems:  look  -  in  -ampl  if  lers  and  photon  .-oijnt  i  ng 
The  dynamio  range  for  kinet  i  ■-  measurements  is  more  than  three 
orders  The  pimserond  kinet  irs  of  fluorescence  anisotropy  is 
discussed  as  well. 

The  basic  idea  behind  the  energy  transfer  measurement s  is  the 
construction  of  special  geometrical  positions  for  donorL=:  and 
acceptors  by  LB-technique  The  particularity  of  f I uorescence 
LB-film  embedded  J- aggregates  are  studied  as  new  e.vample  of 
energy  transfer  in  molecular  systems  with  restricted  geometries 
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SUPRAMOLECULAR  SYSTEMS  FOR  OPTICAL  SWITCHING:  CONTROLLING 
ULTRAFAST  ELECTRON  TRANSFER  REACTIONS  WITH  FEMTOSECOND  LASER 

PULSES 

Michael  R.  Wasielewski.  Scott  R  Greenfield,  and  David  Gosztola 

Chemistry  Division,  Argonne  National  Laboratory,  Argonne,  IL  60439  USA 

Rapid,  reversible  photoinduced  electron  transfer  reactions  are  a  class  of  photophysical 
phenomena  that  can  be  exploited  to  develop  schemes  for  optical  switching  Molecular 
electronic  switches,  wires,  micro-sensors  for  chemical  analysis,  and  opto-electronic 
components  for  use  in  optical  computing  are  currently  under  active  investigation  The 
principal  advantages  of  using  molecules  in  these  applications  are  high  component 
density,  increased  response  speeds,  and  high  energy  efficiency.  Since  photoinduced 
electron  transfer  processes  w'thin  molecules  can  take  place  on  a  picosecond  time  scale, 
it  should  be  possible  to  produce  efficient  devices  that  respond  very  rapidly  Molecules  that 
employ  reversible  electron  transfer  reactions  for  optical  switching  should  possess  both 
speed  and  photostability  advantages  over  molecular  switches  based  on  photochemical 
changes  in  molecular  structure. 

We  have  designed  a  new  senes  of  electron  donor-acceptor  molecules,  an  example  of 
which  is  1,  consisting  of  a  4-aminonaphthalimide  (ANI)  chromophore  attached  to  aniline 
(MeOPh)  donors  and  a  1,4,5,8-naphthalenediimide  (NPDI)  electron  acceptor.  These 
molecules  are  designed  to  undergo  ultrafast  charge  separation  in  non-polar  media 
including  glassy  solids  such  as  polymer  films.  They  are  also  designed  to  be 
photochemically  stable. 


Excitation  of  the  ANI  chromophore  with  a  200  fs,  420  nm  laser  pulse  from  a  frequency- 
doubled,  amplified  Ti-sapphire  laser  results  in  direct  excitation  of  the  ANI  chromophore 
to  a  charge  transfer  state.  This  excited  state  is  most  likely  a  TICT  state.  The  polar  nature 
of  this  excited  state  polarizes  the  surrounding  medium,  which  results  in  rapid  (8  ps) 
electron  transfer  to  yield  the  MeOPh  cation  and  the  ANI  anion  The  ANI  anion  then 
transfers  an  electron  in  a  secondary,  dark  reaction  (430  ps)  to  the  NPDI  acceptor,  which 
yields  the  MeOPh  cation  -  NPDI  anion  ion  pair  that  lives  for  300  ns  before  recombining. 

After  charge  separation  has  occurred  in  1,  the  ANI  chromophore  is  once  again  in  its 
ground  electronic  state,  and  is  flanked  by  both  a  good  electron  donor,  NPDI' ,  and  by  a 
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good  electron  acceptor,  MeOPh^  When  the  ANI  chromophore  is  re-excited  with  a  second 
200fs,  420  nm  laser  pulse  2  ns  after  the  initial  pulse,  the  charge  recombination  rate  is 
perturbed  by  the  excited  ANI  molecule.  This  perturbation  results  in  collapse  of  the  charge 
transfer  state.  These  effects  can  be  repeatedly  cycled  at  high  repetition  rates.  The  nature 
of  the  interaction  of  excited  ANI  with  the  surrounding  ions  formed  by  the  initial  pulse  is 
being  probed  by  a  variety  of  both  linear  and  non-linear  optical  techniques. 

This  type  of  Bistable  Electron  Transfer  Array  or  BETA  switch  has  been  proposed 
previously  by  Mehring[l],  but  has  not  been  realized  experimentally  until  now.  Since  the 
changes  in  electron  transfer  rates  and  corresponding  optical  properties  of  molecules  such 
as  1  are  produced  solely  by  electron  transfers,  molecular  switches  based  on  these  effects 
have  no  moving  parts,  and  can  be  made  to  switch  significantly  faster  than  photochromic 
molecules  that  must  undergo  changes  in  molecular  structure 

(This  work  was  supported  by  the  Division  of  Advanced  Energy  Projects,  Office  of  Basic 
Energy  Sciences  of  the  United  States  Department  of  Energy  under  contract  W-31-109- 
Eng-38.) 


1.  Mehring,  M.  in  "Electronic  Properties  of  Conjugated  Polymers  III",  Kuzmany,  H.; 
Mehring,  M.;  Roth,  S  ,  Eds.,  Springer-Verlag,  Berlin,  1989,  p  242 
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VIBRATIONAL  STRUCTURE  OF  THE  6o  ->  .S’l  ABSORPTION  BAND  OF 
CORONENE  IN  POLYMETHYLMETHACRYLATE,  STUDIED  BY 
transient  spectral  HOi.E-BURNINC; 


Beinharcl  Nickel  and  Manfred  T.  Wick 

Max-Planck-lnstitut  fiir  Biophysikalische  Cheinie.  Abteilung  S|)cktrosko|)ic,  Am 
Fassberg,  W-3400  Gottingen,  Germany 


The  5o  — *  S2  absorption  band  of  the  aromatic  hydrocarbon  coronene  in  polymethyl¬ 
methacrylate  (PMMA)  was  investigated  with  the  method  of  transient  spectral  hole¬ 
burning  (TSHB),  which  uses  the  availability  of  a  long-lived  metastable  triplet  state 
(!].  The  vibronic  coupling  of  S2  with  5|  in  coronene  belongs  to  the  statistical  limit 
[2].  This  is  a  necessary  condition  for  the  determination  of  the  homogeneous  widths 
of  So  — »  Si  vibronic  transitions  by  spectral  hole-burning.  The  So  — *  S2  transition  is 
symmetry-forbidden,  and  the  0,0-transition  is  not  observed.  From  the  homogeneous 
widths  of  resonant  holes  lifetimes  <  2  ps  are  obtained  for  the  S2  vibronic  states. 
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Abbildung  1:  So  —*  S2  absorption  spectrum  of  coronene  in  PMMA  at  81  K,  The 
arrows  labeled  by  a,  b,  h  indicate  the  wavenumbers,  at  which  resonant  holes  were 
burnt.  Holes  were  burnt  at  2K. 
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By  the  energy-selective  TSHB  the  same  vibronic  transitions  are  observed  as  in  the 
site-selective  fluorescence  excitation  spectrum  of  coronene  in  a  heptane  Shpol'skii 
matrix  [2].  The  lowest  e-ig  mode  gives  rise  to  the  lowest  false  origin  and  additionally 
forms  progressions  in  combination  with  other  false  origins.  The  degree  of  polariza¬ 
tion  of  transient  zero-phonon  holes  is  close  to  the  theoretical  value  of  1/7  that  is 
expected  for  in-plane  polarized  transitions  of  a  molecule  with  the  symmetry  D^h- 

With  optically  thin  samples,  the  lineshape  of  resonant  zero-phonon  holes  remains 
Lorentzian  in  the  steady  state  of  TSHB  despite  nonnegligible  ground-state  depletion. 
The  correlation  of  nonresonant  holes  is  approximately  Lorentzian. 
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Second  Harmonic  Studies  of  Liquid  Crystal>Langmnirfitans 
CniJEQdeile.  A.MeixDer  and  LZscbokke-GiSnacber.  Univeisity  of  Basel) 

In  lec^t  years  the  investigation  of  the  physical,  especially  optical 
properties  of  Langmuir*  and  Langmuir-Blodgett-Films  has  h(»mm>> 
inoeasingly  inqxntant.  M  view  of  future  appUcations  it  is  of 
fundamental  interest  to  understand  the  formaticui  process  of  these 
molecular  films. 

Therefore,  we  have  used  the  combinaticm  of  surface  balance  and 
optical  second  harmonic  generation  (SHG)  measurements  to  study 
the  compression  process  of  4^-octyl-4'-<granob^henyl  films  at  die 
air-water  inteiface.  To  get  high  quali^  films  and  reproducible  results 
great  attention  was  given  to  foe  purity  of  foe  samples  and  foe 
environment 

A  corrqiarison  of  the  polarization  d^ndence  of  foe  generated  SHO- 
light  with  foe  current  tiieory  shows  a  good  agreement  From  foe 
obtained  data,  the  molecular  orientaticHi  of  the  chromophotes  as  a 
function  of  tile  surface  pressure  was  calculafod. 

The  results  for  foe  two-component  mixed  films,  measured  with  foe 
same  method,  are  ccxnpaied  wifo  those  of  tiie  pure  films. 
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